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THE BRAnV AUD skull 01 A PALBOlHSaD FISH FROM 
^ THE PBRlfSTLVAmAll OF WESTERN MISSOURI 
S. a CASK 

nireetof ud Corator of VertobntM, HoMiun of PoJeoBtoloc?, 
Unlvonlty of MieUgon 

(RaiMl AprUH, tMT) 

Attirnurr 

iJeMnbeo a (aat uf 11 m bnun (if a ralpofliNcid hsh from Ihe upper Peiiniyl- 
vanlan beds near Kanias City, Mo Tho rail is peculiar la that it is an intra- 
mmingeal oast, not a rast of the endorraniaJ cavity, and is therefore an accurate 
replica of the brain The filling matenal im Olnphnnite which npmduoes the 
moat minute details The ccrrfinJ puritoa of tho hnun in very snuill but the 
optic lobes very large The cerebellum and the otic rtgioii an pmorvod entire 
The ivmiolreular cajuJs, (he luuTultM and utriculun irf both nrioi are reproduced 
completely The oast is deacriLjud in detail and cuoipared with prwioun dairrip< 
tMMU of Um perfect matenal by Kastman and Moodm The skull is deacnM 
and compared with previous dev rlptions of similar material by Watson 

Tbp preservation of the remaiDB of fish and other forms 
of life in ooncretiona recovered from shales of Miasisaippian 
and Pennsylvanian ages has been known for some time. In 
certain shale layers of the Oread hmestonp, Upper Pennsyl- 
vanian, near lawrenre, Kansas, the ronrretions are highly 
phosphatic, and nmy he in part copruhtic Tho nodules from 
the Chanute Shale, lola limestone, at Kansas C'lty, Missouri, 
are more calcareous in appearance but contain a large content 
of phosphorus The preservation of the bones and of the 
form of the brain as casts is singularly perfect in some of the 
concretions but in others there remains only the impression 
of the outer surface of the ucurocramum The casts were 
formed by the removal of matenal and subsequent filling by 
a form of phosphatir calnte etdled Coluphonite. 

The most important accounts of such remains of fish have 
been made by Eastman, Moodie and Watson ' 

I Eastmftii, Cli&riiw H , '*The Devonijui hiBhn of Iowa ' Io»a (Imloglcftl 
Survey, XMtf, pp 361-271, 1 ig 40, 1008 

Mondle, Roy L , A Xow Pish Brain frum the OcaJ Mnnunii uf Kaiwaa, 
With a Revm of Other F<ml TUaine *' Jounuiln/rompdraiirf Arcym{efnf,XXV, 
Vo 3, pp. 18S-1BI, Pig 10, ion 

WaiacHi, DM8., ''liie Htructurv of Certain Paleoniiicidf and the llnlahoo 
of lliatOfoap With Other BooyFi^ ' Proet^itn^ZoclogirolSpeu^oJ LonSctif 
Pt. 8. pp. 882-861, 1036 

nomiMOB or tsi amucAN pRiLoiicrinrAb wicimr, 
vor.. 78, iro 1, omen, 1087 
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Recently the author received for study a considerable 
number of ronrretions from the Chanule bhale, a division of 
the lula limestone, at Kansas City, Missouri, through the 
kindness of Mr. M B Kleihege, the eolluclor and owner. 
They eontain remains of iVrtbropoda which can be identified 
as Malacostracan (Uchizopoda and Ceratiocarina) with some 
that cannot be identified, sharks of genera related to Clado- 
duti, Orodun and Penpleclrodua, Paleoniscid Pish of undeter- 
mined genua but apparently close to Rhadiantehthys The 
remains of fish correspond so rlosely with the casts of brains 
described by Eastman and Mooibe and the neurocrama de- 
senbed by Watson that there can be little doubt that they 
belong to identical or olosoly related forms, eertainly within 
the same family Eastman descnlicd the impression of a 
skull and a cast of the brain from Mississippian beds at the 
base of the Waverly formation m Boyle County, Kentucky, 
which ho identified as RhadianiehlhyH and gave it the new 
specific name, deani. The brain was further described by 
Moodie. Both Moodie and Watson in their descriptions of 
similar material were content to refer to them as Paleonis- 
cids without attempting gencnc or specific identification. 
The specimens here described confirm in large part the work 
of these authors but permit emendation and considerable 
addition 

The following descriptions are based on remsiiis from 
Kansas City and primarily on two specimens, one a nearly 
perfect replica of the brain, the other a nearly complete neuro- 
cranium All references to other specimens will be indicated 

The peculiarity of the brain casts is that they are evidently 
replicas of the brain itself and not endocranial casts. This is 
a most importanl difference as the brains of many of the fish, 
amphibia and reptiles did not fill the cavity but were sur- 
rounded by a large amount of fatty and supporting tissue 
Endocramal casts of such forms give a very inadequate pic- 
ture of the brain Excellent illustrations of the difference 
between a cast of the brain and a cast of the cavity in which 
the brain bos are given by Doctor Tilly Edinger in her book, 
IHe foMilen Gehirne, page 31, figure 6 
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It 1b difficult to understand how such perfect replicas of 
the brain were formed, especially as the brain in the living 
lower Teleostomi and presumably the related extinct forms 
18 not covered by such perfect mcniogos as the brain in the 
higher vertebrat^. Instead of the several meninges there is 
m the living furour a single meninx (see Kappers, Huber and 
Crosby, Cnmparaht'e Anatomy of the Nervom Syetem of the 
Vertebralea Including Man, p. 56). Evidently such covenng 
as did exist was sufficiently resistant to remain after the brain 
substance had disappeared and permit the infiltration of 
waters hearing the calcite and colophonite which form the 
intramembranous cast It is to be noted, however, that the 
fiUing material lies close to the bone of the ncurocramum 
which suggest that the brain far more nearly filled the cavity 
than might have been expected This point is confirmed 
from several specimens in which the brain cast and bones of 
the neurocranium are more or less nearly complete 

The brain cast which forms the basis of this description 
IB very nearly perfect, lacking only the structures m the region 
of the choroid plexus over the mid-brain and the medulla, 
the Infundibulum and hypophysis (in part supplied from an- 
other specimen), and a small section from each postenor 
semicircular canal. Otherwise the otic region is perfect, show- 
ing all details of the canals and the vestibular portions In 
general the bram is much like the one described by Moodie 
from a Himilar cost found m the Oread limestone, somewhat 
higher in the Pennsylvanian senes, from near Jjawrence, 
Kansas (fioe Moodie, cited above, I'lgs 15, 16 and 17 ) 

The olfactory nerve is elongate with a sbght swelling mark- 
ing the position of the olfactory bulb. Immediately behind 
this there is a sharp depression of the upper surface, followed 
by a second, larger swelhng and elevation of the upper sur- 
face. This BwoUing probably contains the olfactory lobes but 
BO merges into the parts which must bo regarded as the bttlc 
developed diencephalic region that the two are indistinguish- 
able. The olfactory lobee jom the diencephalon and the optic 
lobes but not in the manner figured by Moodie, a portion of 
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tho optic lobefl extoada forward of the point of juncture ao 
there u a decided re-entrant on each aide which marks the 
diencephalic region Thu indicates a greater development of 
the mid-brain than in Aloodie’s specimen, if as seems probable 
the specimens are undutorted and show the shape ns it was 
in life It u probable that the larger part of the fore-brain 
IB olfactory and that the lower part of the mid-brain is occu- 
pied by fibre tracts associated with the olfactory region 
Herrick {Neurological Faetora of Ammol Bekanor, Fig. 73) 
shows how large a portion of the anterior brain segments is 
occupied by such Abres in some of lower Ash, as the dog-Ash, 
Squalua acanlhtaa. The relatively large olfactory capsules of 
the skull mdicate a considerable power of smell though less 
than that of sight, os shown by the largo orbits and the great 
development of optic lobes. 

Watson in his description of the neurccranium of an evi- 
dently similar Ash from the same geological horison and 
locality colls attention to the presence of two fontanelles in 
the upper surface Many of the concretions arc hollow show- 
lug impressions of the outer surface only, all trace of bone and 
brain having been lost. In such coaen there arc commonly 
two inegular pillars of matrix extending across the cavity 
from top to bottom These were evidently formed by the 
jienctration of the matrix through the fontanelles and the 
delicate membranes of the choroid plexus m the diencephalic 
and medullar regions, but not in sufficient quantity to All the 
cavity. The anterior fontoucUe is in the region marked by 
Moodio as the thalamus and just where the epithalamic struc- 
tures would be located In none of the casts is there any 
trace of these structures preserved 

The anicnor end of tho olfactory tract is broken across in 
two specimens, but in neither is there any trace of the rbuien- 
eoele desenbed and Agured by Moodio. Aiilorior to the Arst 
olfactory expansion the tract retaiiu a Axed diameter until it 
divides sharply into two raiiu leading to tho nearly terminal 
olfactory chambers of the neurocranium, the division is shown 
by impression in several spocjmens which preserve the antenor 
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ond of the skull. On the under side of olfactory tract just 
postenor to the break there are distinct grooves curving out- 
ward and backward which probably nark the origin of the 
division into two lateral ranu 

The optic lolies arc, in correlation with the great size of 
the orbits, very large shown in Figs 1 and 2, Plate I, 
they arc very similar to those in the specimen figured by 
Moodie The median portion of the upper surface of the cost 
as far back as the puslerior edge of the cerebellum is obscured 
by the invasion of matrix Moodie’s specimen was more per- 
fect m this region and shows a median elongate structure 
which he interpreted os the cast of a plexiform vessel The 
upper surface of both optic loliea is marked by several small 
papilliform elevations which at first inspection seem to be 
significunt, but as they ore not symmetrical on the two sides 
they are probably adventitious Very possibly tlie small 
points marked liy Moodie, in his Fig 17, ns nuclei on the 
lower half of the thalamus are of this character, as he saw 
only one side of his cast he was unable to cheek the sym- 
metrical arrangement of the structures 

The hypothalamic region is oliscured by the adhesion of 
matrix but shows the iH-giiiniiig of a decided downward exten- 
sion On another specimen the posterior portion of a large 
lower diverticulum is preserved, it extends backward and 
downward, (he apex reaching so far back as to lie below the 
ampulla of the anterior seiiiicirrular caiml This structure is 
sharply separated from the optic lobe by a strong transversu 
groove The upex is somewhat obscured by adherent matnx 
but seems complex ns if thcio had lieen a dislmel hypnpoph- 
ysiH. Just ill front of the main process there is a bit broken 
off as if there had been an anterior portion, but it is possible 
that only a scale from the surface is missing 

There is a depression on the outer .side of ewh optic lobe 
suggesting a division into separate regions This depression 
18 not described by Moodie and the author has found no figure 
or descnption of it in the literature which ho has eonsiilted 
Its Bignihcance is unknown. On the lower surface of each 
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optio lobe there is a clearly marked, slender, longituduial ele- 
vation which u obviously a part of the brain and not a traoe 
of an external vessel as its anterior part becomes more distinct 
and prominent and its posterior end shades into the lobe. 
This cannot be the Ilnd nerve as it is too small and too lateral 
in position, it is too far forward to be the Vltb, possibly it 
IB a branch of the Vth. Underlying the postenor outer por- 
tion of the optic lobe and lying between it and the ampulla 
of the anterior semicircular canal on each side are the lobi 
lafcriorBS. They are apparently continuous with the cere- 
bellum but the exposure between the anterior semicircular 
canal and the optic lobe is very narrow, making it difficult 
to determine this point. It is possible that these prominences 
are auricular extensions of the acustico-lateralis lobes of the 
medulla from which the cerebellum arose phylogenetically 
(Herrick, Neurological FoundaHons of Animal Behavior, p. 
189), or auncular extensions of the cerebellum. At the inner 
posterior edge of each optio lobe there is evidence, on the 
lower surface, of a large process which though obscured by 
matrix is still determinable ; this is m the position of the Vth 
nerve, or of the Vth plus associated nerves, perhaps the Vlth 
and Vllth The origin of Ilnd nerve must be here, but can- 
not be certainly Identified. 

The upper surface of the cerebellum is as figured and de- 
sonbed by Moodle, but with less perfect exposure. The 
median portions of each side are partly obscuied by matrix 
but it is evident that they were distinct and that there was 
no crista. The sides are largely covered by the antenor semi- 
circular canals which were so pressed against them as to form 
the grooves figured by Moodie, in whose specimen the eanals 
were not preserved. The medial portion of the oerebellnm 
exposed is not so much expanded and altogether gives the 
impression of not having bwn so large as in Moodie's speoi- 
men; certainly there was no approxiiiiation to the else attained 
in the teleoet brain. 

Posterior to the cerebellum the upper surface is exposed 
for a short distance anterior to the matrix covered area marked 
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by Moodie as the site of the vagal lobes and by Edinger as 
ttw glandula mjrelenoephalica. The area directly between 
the points of junotura of the antenor and postenor canals of 
the two sides is descnbed by Moodie as occupied by the tuber- 
cula acoustica, which are figured by him from the specimen 
descnbed by Eastman as HhadumuAthyi deani In the speci- 
men described here there is no indication of such structures. 
Doctor Elisabeth Crosby, who failed to find any evidence of 
their presence, expressed doubt of their occurrence m a pnmi- 
tive ganoid As the fibres forming the tuberrula are in 
modern forma largely from the cochlear nerve, and as there 
is no cochlea present, or even the beginmng of a lagena, the 
presence of the tubercula is not to be expected It is more 
probable that the anterior pair of the prominences lymg near 
the mid-line are the facialis lobes of the Vllth nerve and the 
posterior pair are the lobi vagi. The region is very close to 
the postenor fontanelle and the surface may have been dis- 
torted or obscured in Moodle'a specimen, llie same area is 
preserved in two leas nearly perfect specimens and neither 
shows the presence of the tubercula 

There is no expansion of the region immediately behmd 
the posterior fontanelle such as is called by Moodie the lobus 
vagi but posterior to and below this region there is a proim- 
nence, partly surrounded by the postenor semicircular canal, 
which may mark the presence of fibres from the antenor 
lateral line nerves. 

Near the postenor end of the cast, and probably of the 
medulla, there are two small prominences symmetncally 
placed on the lower part of the sides which are regarded ae 
marking the position of the IXth and Xth nerves. 

Posterior to the suggested location of the Vth nerve the 
lower surface of the cast is much contracted by the close 
approximation of the large dependent sacculi. The narrow 
surface exposed is marked by a low and broad but very 
apparent ridge. Near the posterior edge of the sacculi the 
lower surface rises vertically to the under side of the medulla; 
this surface is continued upwud on either side of the medulla 
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as a narrow groove which ia aeparated from the prominence 
referred to above as the possible lobus vagi by a very thin 
but prominent wall The lower surface of the medulla is 
marked by a longitudinal depression which continues back- 
ward to broken edge of the cast. 

The preservation of the otic region is most striking in its 
perfection. This region is complete and undislorted on both 
sides, except for the loss of a small section from each posterior 
semicircular canal The broken surf aces for the missing parts 
are clearly shown so there can be no doubt as to their contour 
and extent The figures given by Moodie correspond in a 
general way with the present specimen but there ia muoh 
difference in detail (compare Moodie's Fig. 10). Tlio form 
and relations of the parts aro shown in PI. I The two 
vertical canals meet at a decided angle above and enter the 
utriculus by a common opemng but without a common smus 
The antenor canal descends sharply outward and downward 
and lies m a depression on the posterior surface of the cere- 
bellum. It terminates in a prominent ampullar extension. 
Immediately behind and within this extension is the enlarge- 
ment of the antenor end of the horiiontal canal, called by 
Mnodie the " enlargement of the antenor ampulla” , the form 
and relations of these to expansions are shown in PI. I, 
Figs. 2 and 3 The poslenor canal extends outward and then 
sharply downward, enlarging to a small ampulla before enter- 
ing the utriculus by the sinus. 

The horiiontal canal stands well out from the others ; there 
IS httle or no expansion of the posterior end which onten the 
utnculuB mdcpendently but close to the point of entry of the 
posterior vertical canal. 

The shape of the sacculus is very different from that sug- 
gested by Moodie (comporo his Fig. 10). It is muoh deeper 
and more sharply marked off from the utriculus. The lower 
face on each side is formed by mainx as if the membrane had 
been broken, but the facra are symmetrical in position and 
inclination on both odes, looking outward and dow'nward. 
A slight excavation on the left side revealed a bit of hard 
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yellowish material which may be a portion of the otobth. 
The inner wall of the dependent portion of the boccuIub is 
convei antero-poatenoriy and slopes upward and inward, 
appnudmating the corresponding face of the other side and 
narrowing the exposed lower fare of the cast, as described 
above. The outer wail rises nearly vertically, a httle concave 
If anything. On both aides the outer face la marked just 
below the level of the honsontal canal by an irregular promi- 
nence. These are possibly accidental but are singularly aym- 
metrical in position; they may mark the origin of the ductus 
endolymphaticuB, but this is very uncertain The utnculus 
rises directly from the sacculus with bttle if any contraction 
at the point of union It has nothing of the prominence sug- 
gested by Moodie’a figure In general, the form of the otic 
structures closely resembles that of a modern tolcost, such 
as the cod. 

In 1915 Watson described the neurocrania of two Pale- 
oniscid fish from the same geological horizon ns those here 
described, at Kansas City. It is a pleasure to record how 
accurate are his determinations. I’late II, 1 -3, of a very per- 
fect ncurocranium, are given as, in part, confirmatory of his 
work There ore differences in minor details, as might be 
expected, but tbe agreement is so close, especially with the one 
Watson called " Paleoniscid A," that there can be no doubt of 
the close specific relationship, or identity, of the two He 
notes the presence of a well developed hypodome, an unex- 
pected occurrence In two of the nodules casts of this struc- 
ture are preserved. The cavity was heart shaped with the 
lower surface smooth and the upper surface marked by a deep 
median groove which extends from the broad, deeply mdented 
anterior end almost to the pointed, posterior extremity 

In only one major charoctor does this specimen foil to 
agree with Dr. Watson's description It has been impossible 
to locate and confirm the excavation and foramen at the sides 
of the posterior end of the parasphenoid, labelled by him as 
the exit of the palatine branch of the facialis nerve. Tbe sur- 
face of the bone is apparently unbroken at this point. 
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There are several nodules which show impressiotiB of the 
dermal bones of the roof of the skull and the opercular region, 
but they are badly disturbed and broken. No continuity can 
be made out These appear to have been badly decayed 
specimens, or perhaps the material is coprolitic and the bones 
have been partly destroyed in their passage throu^ the body 
of the raptor 

One or two nodules show typical ganoid scales, with a 
sculpture of obhque, approximately parallel lines, peg and 
socket articulation, and fnnged postenor edges They re- 
semble the scales of Rhadtantehihya but are insufficient for 
satisfactory determination. 

In conclusion the author desires to express his approcia- 
tion of the skill of Miss Grace Eager, artist in the Museum 
of Zoology of the University of Michigan, for the care and 
skin which has produced the beautiful drawings of the brain 
cast, and to Dr Elliiabetfa f.'rosby who has aided him in its 
Interpretation. 



PLATE I 




Flo 1 Upper view of nPurorTBuium of PeleonlMld fleb AFC, enterior 
verUcal oanal, kC\ honaonUl rarul, i*C, poet^nor vrrtiea] rejiaJ, AP, anterior 
fonUneDa, PC, poiterlor rootenidle, i^rviilnr rnnal X 2 

Fia 2. Lower nirfeoe of eame ■pec’imen DPT, benpterysoid prooen, 
CC, fonmen for ooiruDoo cerotld, EBA, foruiiba for eplbranohial ertertai, 
EMA, fonmeD fur efferent mandibuUr artery, W, foruneo for internal carotid 
artery, P8, aoctnuilng proreM of pansphcmUd, eptrmnilar canal, FP, ve»< 
tibular fontaooUe, DC and X >uxilh and tenth nervra X 3 

Fia 8, Left nde of eaine npenmen BPT, bawpteryKold pruoea, EBA, 
foamlna for epibranobial artenee, KM A, foramen for efferent mandibolar artery, 
IC, fammen for mtomal oarotld artery, PTP, poatorhital prooovi, *S(*, ^dnoular 
eanal, F/, vaitlbular fontanelle, IX and X, ninth and tenth nerve* X ^ 





QUANTUM-COUNTER AMPLIFIERS FOR GAMMA 
RAY DETECTION. AND APPLICATIONS TO 
STUDIES IN RADIUM POISONING * 

SOBLBT D EVANS 

AailfUiit ProfpMat nf UswailiiiHtta InuHlnle of Tofhnnlogjr 

Abbtrait 

A portable, rugged aniplller, with a dircet leading lountlng into meler, 
hu boon developed for Uo atndj of feeble gimina rayi. The InBlTament hni 
been eliiiplUed en ■■ to pennlt ine e e Mfn l uperetloo for tb(Me not eiierldrallr 
trained In rtperlmental phjibn. Qnaatltlee of radiom of the order of S X ItT* 
gn. or more maj be defoinlned In a few mlnnlee OaUbratlom havo been 
made for datennlalBg the amount of mdlnn rontnined In living vlettnii of 
radiom poleoalng 


iNTnODIVTIOV 

Ilf 1928 Geifrpr niul Mnller dpsenbed a cylindricBl cath- 
ode, 'wiie anode discharge tube (tidie-corniter) which is 
BonsitiTe to gamma rays ok well as to any ionizing radia- 
tion. Many workerH liave developed modifications of this 
instrnment, each demgned to moot particular detection rc- 
quiromenta As a sensitive detector of feeble gamma rays, 
tabe-eounters of this typo have few peers The reason is 
simple. For every gamma ray quantum, producing one or 
more secondary electrons inside the cathode cyUnder, the 
instrument discharges onco A vacuum-tube amplifier and 
recording circuit aulomatically add up the total number of 
such pulses. Thus there is an observed count for each 
gamma ray quantum favorably absorbed. Bnt every de- 
tecting instrument has a backgronnd, or zero otfect which 
it exhibits in the absence of tho source of radiation to be 
measured The magnitude of the statistical fluctuation in 
the background determines how feeble a source of radia- 
tion can be measured with any particular instrument. In 
a tube counter each cosmic ray, contamination alpha ray 

*mi leaaartb wai aldsd bj a grant from tha Peanaa Paad ef tht 
Amtrleia PhUsaophleil Boolctj. 

noomniei of ns amwcmi rnuMoraiuL aocurr, 
vob. 78, so. 1, orraiB, 19S7 
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and beta ray also produces one count and thus each ab> 
sorbed gonuna ray is on a par statistically -with these much 
more heavily ionizing rays. It is jnst because the tube 
counter counts particles, and is oblivious of the relative 
ionization produced by these particles, that it is a favored 
instrument for the detection of very feeble gamma rays 

We had previously developed* tube counters having a 
particularly high sonsitivity to gamma ray quanta These 
counters have fine mesh screen cathodes made of heavy 
elements in order to increase the efficiency of production 
of countable secondary electrons. To obtain the highest 
sensitivity optimum values of tho operating voltage and 
the pressure of the gas used to fill the counter were fonnd 
empirically Huch a counter will be called a quantum 
couutor for brevity and to emphasize these spenial prop- 
erties 

A number of types of vacuum tnbo amplillers and re- 
corders had been developed bv various workers. Beveral 
of those wore satisfactory for use in a research laboratory 
by a suitably trained physicist. They did not lend thom- 
selvos to portable use, nor were they sufficiently reliable in 
the hands of a novice. Several problems in connection with 
our studies of radium poisoning dvnuinded tho development 
of an instrument without their bnlk and mnltiplioity of 
controls. With the aid of a grant from the Penrose Fund, 
such an instrument has now been developed. It is rugged, 
small and portable, operates on 110 volt a. 0 ., has but one 
control knob, and is direct reading. 

The technical details have been pnblished*-' and the 
proBont report will only snmmanze the main points and 
comment on a few matters which await further examination. 

Hian VoLTAos Suppur 

Each tnbe oountor has an operating voltage range and 
a particular voltage at which it exhibits optimum sensi- 
tivity. This voltage is generally somewhere between 1200 
and 2000 volts for air filled quantum counters, and depends 
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on the size of the counter and the presanre of the enrloeed 
gan. The breadth of the ranire of permiBsable vollague is 
mainly governed by the typo of high roaistor used m cou- 
pling (he counter to the high voltage enpply and to the 
amplifier. If thia reeiatance in an high an 10'° to 10'* ohms 
the operating range may be novoral hundred volts wide. 
At lower valuoa the operating range narrows markedly, 
becoming only a few tens of volts wide at resistance values 
of 10* ohma. The most satisfactory resistor seems to he in 
the neighborhood of 6 x 10* ohms, where the operating 
range will be about one hundred volts. 

Most counters also show a slight dcxiendcnce on voltage 
even within this allowed range. It is therefore necessaiy 
to provide a very stable high vollage supply for the counter, 
the variations being held below 1 part in 1000 if possible. 
Cosyns * has described counters which are nearly independ- 
ent of applied voltage over a considerahle range. But the 
experience of other workers imlieatos that this charaeter- 
istic is to be attributed not to the counter tube itself but to 
his use of an electronic device in place of the more usual 
and much more compact high resistance 

The two most aatisfactory forms of laboratory voltage 
stabilizer' included the use of dry batteries Moreover 
each required the adjustment of two controls to permit the 
selection of any arbitrary output voltage as well os the 
stabilization of this voltage. Unfortunately these two con- 
trols are mntnally interacting, hence some familiarity with 
the instrument is necessary for proper ailjnslment. 

The first diflkulty, that of the dry battery, was removed 
in one of tliese circuits by replacing it with a small noon 
lamp,' thus considerably lightening the weight and decreas- 
ing the volinno of the stabilizer. However, this neon-pen- 
tode stabilizer still required tfae readjustment of both con- 
trols whenever the output voltage is to be changed by much 
more than a hundred volts. 

To circumvent this difficulty we developed also a stabi- 
lizer oomposed entirely of noon lamps.' A reedfler and 
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Alter oondeneer supplies about 3000 volts to a series load 
containing a metalHied resistance of several megohms and 
about 35 small O.E. neon glow lamps (type 0 D 1002). 
Each lamp then exhibits a voltage dmp of about 60 volts, 
which is independent of Anctnations in the rectider voltage. 
Rf means of a well insulated rotary switch any voltage up 
to 2100 may then be tapped from the series-bank of neon 
lamps. For vernier adjustment of the voltage within the 
60 volt steps thus provided, a high resistance potentiometer 
may bo used across tlie two end lamps in tho series-bank. 
Thus ooinpactnesB and simplicity are given the stabilizer. 

A word of warning is in order coneeming the neon lamps. 
As supplied by the mannfactnror, a batch of lamps may 
contain individuals having operating voltages as low as 50 
volts and as high as 105 volts. From a box of 100 lamps, 
however, a group of 36 can usually be seleotod which have 
suitable properties. Moreover the starting choracteristicB 
of each individual lamp may vary with operating history. 
Careful selection, and exclusion of imperfect lamps, will 
usually result in an exeellont stabilizor, capable of main- 
taining an output voltage constant to less than 0.1 per cent 
for input a.o. line voltage Anctnations of 7 per cent, and 
with a negligible drift after tbe Arst few minutes of 
operation. 

AnFLirna 

Each discharge of the quantum-oounter delivers a very 
short pulse to the Arst grid of a vacuum tube ampliAer. 
The voltage peak of this pulse is adequately large to permit 
easy ampHAcation. The ampllAed pulses actuate a mag- 
netio message register for adding np the total number of 
pulses in any measured unit of time. The operation of a 
message register however, requires not a voltage surge 
alone but rather the passage of a given number of conlombe 
of electricity through its coils. It is therefore often desir- 
able to employ a pulse lengthening stage in the ampliAer. 
The eimplost device of this type is again a small neon glow 
lamp.* 
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Anf amplifier requires an auxiliary timing device, since 
the rate of counting is always the desired rosoit of the meas- 
urement The auxiliary cloek, as well as the computations 
of the differences and rates could be eliminated by incor> 
porating a time scale in the amplifier. This was done by 
developing an amphfier and output device which reads di 
rectly in counting rate. 

CouiTTiKa Bate Mbteb 

Hunt ' had described a frequency muter fur use pri 
marily on periodic audio frequency vibrations. His gen- 
eral method has recently been used by Neber and Harper' 
for very high speed counting of random pnlses. We were, 
however, concerned with much lower counting rates, and 
in addition sought to avoid batteries and moving parts sneh 
as the magnetic relay employed in Cosyns ' meter. 

After testa on a unmber of tyiios of circuits we settled 
on the one which showed the most promise and developed 
it into the circuit finally described ’ The first-stage am- 
plifier is a '57 in conventional pentode hook-up. It feeds 
into a donblo triode ( *63) back coupled relaxation oscillator, 
developed from a circuit employed by Edgerton in the 
strobotac, This stage generates a pulse of definite time 
duration which is independent of the voltage and duration 
of the (shorter) pulse fed it from the counter and first stage. 

Finally tbeso pulses now of definite and uniform dura- 
tion are fed to an output pentode ( ’67) the plate current of 
vriiich U swung from cut-off to saturation aud hold there 
during each pulse. This pentode thus passes a definite 
quantity of electricity into a large condenser for every 
discharge of the quantum counter. Shunting the condenser 
is a resistance in seriee with a micrometer. The electrical 
time constant of the output circuit is 30 seconds, and wo 
have shown ' that the statistical fluctuations observed in the 
output current correspond to the natural fluctuations ex- 
pected in fiO second intervals if the connting were done by 
message register. 
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A xelm'fnr Hwitch ]>orn]itb tin* iiw of four hizum of I'ou- 
]iliiiK coiiileiisor botwooii tlio hocoik] nnd thud stn^‘H, IIitin 
iillowiii^ lli<« iiistriimoiit to c'ovor four ovorlnpiuiiK rnngos 
ol coiiiitiiig niU's from nboiil 50 to llOtXl jut miiuilc, and 
at the name time proaoi vo ncriiiarv of raadiiig 

n'lii- uutjait ciiiretit lit high ooiintiiig riitoH in not qinto 
lini'ai witli oimiiting rate Thm noii-lniparitv piiIihiicon the 
arcnracy of rimdiiig at low coiiiitnig ratos but iIocn make 
Ncalo enlibratioiiH iieceNsari We liojie to no modity tbe 
oatjiiit Ntagi* that thia sliglil iioii-lijiearity ran Iw eirenm- 
veiited without Niienliciiig tbe Jnigi* oiiljail ciirieiit now 
iiMiibilile At jiieNeiit it seems more worth while to jire- 
NiTie tliiH Inige outimt eiirn'iit, whieii jieimits the use of n 
rugged oiitjiiit meter 

A \ unable bueking eurreiit is jirovided with whieh the 
output metei (1111 Im‘ reset to .seio while the bnekgroiiiid 
eoiiiitiiig lalo IS iKMiig meiimired Thereuttei the aetiMts 
of aiiv source of giimuia iiivs oi x-iais is rend direetly from 
the meter, thopnneipal isirreetioiis and (.ompulatiim hiiMiig 
been niitomatienllv neeomplisbod l•l(‘el^lea1lv In tlu‘ iunIiu- 
meni 

Figaie 1 shows two of the iiisli imieiilN On the iigbl 
is u poitable uiid with its eiirrviiig ease cover lemoved 
The first stage amjililieis and the (juuiitiim counter are in 
the aluminum hniiHing s(‘eii in the loiegroiind Tlie fle\ilile 
cable eoijiieetiiig this with the iimplitier |HMmitM plueiiig the 
eoiiiitei 111 any dcNiied jinsifioii with reNjx'ct to a tixed source 
of iiiiliatioii At the left IS an nmjilitier with cover re- 
moved, 111 the foi egroiiiid is a sereen-eidliode cpiniitum- 
eoiiiitei tiilH' such as in used in all the iiistriimentN 

UlTtllVIlNATlON (IP TIIK HaIIIO i(’TlV ITV OK A ClAISKl) Sv'STI.M 

Tliioiigli the use of the qiiiiiitiim eomilei nnd the couiit- 
ing-i ate meter we have (l<‘V(>lo]K‘d u jneeiNion nudluid for 
detenmiiiiig the total gumma inv ndivilv of aiiv Houree 
even llioiigh il in euiilained in iiii iiiiieeessihic and absorbing 
medium"' This geneinl melhod was jiiirlienlaily tippliud 
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ti> till' prohli'ni <il' m(‘astiiiii^ Iho tolnl rHiliiun (' (outcnt of 
hvinK viclims ol iiuliinn imisoiiioK IIltl- llic iioti-uinfonii 
(liHlriliutiou of nuhuni iti tho hIcoIoIoii, iiml the intonml nh- 
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Kid i TIil nuiiiU'm filiow I)h‘ rrlulho liiteiiiulv of rndluliun nt 

ihc jiolnts nciir a hluIihI ilitim of vhriHilr raiHuiii piilminmK alao indi 

into fhi (iliwiluto mil nnitiM doi* tn 1 nil<‘ri>f(rBin of rudjum (uji Kal*) dltdrib 
utiHl iliiirHrtcriHtli’Rlh 111 thi* nahjiM't's nkilftun Th«f uiiU nf ahtmlutH In 
liMiMitv In Ihc ifHiiiiim im> liitmimly »lMi*rM*iI nn thi hoiih' iiiNtniuiPot at a 
(liNlnmi ot 1 iiicti'T from 1 iiiIrroKrnin of uiiidiii Idl’d rndluin 


Noiplioii 1111(1 M('iill(‘riiiK of the frainmii rnvH cniilUal within 
the IkwIv ofToi comrilioationH nhich lind (Icfcnli'il prcvionH 
iiltciii)jtH lit (111 net mcnsiircmeiits of this tvpo 
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Ab a result of a large number of Hucb tesU we have now 
determined the absolute gamma ray activity to be expected 
at eleven points near the body of a victim of radium poison- 
ing." This multiplicity of calibration positions makes it 
possible to perform satisraotory moasnrements even on 
hospitalized patients who are immobiUzed by braces. For 
patients who are able to sit up a number of cheek determina- 
tions are made possible by using several of the positions 
indicated in Fig. 2 For example in this way, routine ex- 
aminations of workers in radium industries may be made. 
The high sensitivity and stability of the quaninm counter 
instrumeuts described above makes it possible to reduce 
the time required for sueli measurements to less than a 
tenth of that required with earlier instruments. Moreover 
the detection instrument is now simple cnongh to be sne- 
ccssfully operated by those not speeifleally trained in ex- 
perimental physics. 

Tn the routine measurement of small quontilieB of pack- 
aged radium (down to 5 X lO*' gm.) such as axe need by 
some physicians, the qnuntum-countcr method is generally 
anperiuT to others. Figure 3 shows a laboratory type of 
instrument designed speeiflcally for this purpose. Hero 
the quantum-counter is mounted in the vertical sleeve at 
the back of the amplifier. 

For larger quantities of radinm (above 10^ gm.) a 
gamma ray ionization method is usually simpler, although 
iho qnautum-counter can be nsed if the sonroe is kept sev- 
eral meters from the detector. For minute quantities of 
radon nr radinm (10 * to in'" gm.) such as are found in the 
breath and excreta of victims of radium poisoning, the more 
elaborate emanation technique " is demanded. 
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80MB CHYTRIDIACBOUS INHABITANTS OF 
SUBMBRQBD INSECT BXUVIA> 

F. K. SPASSOW, JR. 

AKUtut fiatamu of BoUaj, Ua l T mlty sf lOdilgin 
Airuct 

Ib tht hBUntaoBoai groBfi of plBat-Uko orgaalBBi nlileta it pmnit 
ooutftsU tho fDfli MO* io (ortBpf mm parallu or non etaanin ia Iti 
falitlOBiUpa tho tho CtftrUWoi^ bb otIbi of tbo Phjo omjB O t m ("AlgBl- 
Uko Foagl"). As “dLytridf," as tfiaj an eonmaBlj oallad, oroor malal/ 
ia fiBih nitar, wkera tbR naj oftiB eltooas atnage sad Banmal auMnta 
for tbalr aOBfOB of orgSaia ■atotiaL 

Tha ekjtrldlaaaoaa faagl daaenbod la tbla paper, which wars eoUaetod la 
DnuBBife, g- gi«»a aad la aaratal loaalltlaB la tha United States, era laaurh- 
abls la tbet all of them wars foaad Urlag la the eabmeigod aad aaiptp 
eaBTla, or raat^off latagaaieBti, of the larral, pspal aad ajai^ etagea of 
eertala liiieiila widsh paea throogh Ihalr Inunatats atagaa la fredi water. 
ArthenBora, ao far aa la kaewa at preaant, all bat obs of theaa faagl (FM> 
MI mm aqfoapk H aai A. Br.) appear to ha aalli^ eoallned to thli moM aa> 
tnardlBoi? haUtit. 

RUIa orar thna daaadaa hare paaaad alaao up of tha Utharto haerwa 
apaolaa daaarlbsd la tUs papor ksira heaa raportad, tha; hart ban fSoad b; 
Uis aithoT to oaeor la ibuduas ia nsrla, paiticaliilj tboaa of sMaban of 
tha OUnmamUa (mldgaa), FphaaiaKda (aaplllas), Odoaote (dslseptara, 
dragaafllaa) lad fkmgaaal d w (eaddliSlas) 

la thalr nMtkod of darelopaieat aad gsBaral bod; ^aa tbs apaeln a- 
ktUt a BtrlktBg dagreo of ttnllarlt;. Brlad;, tha pofterlorl; aaklllata free- 
awtmadag lolapon, whlak la tha aetlrt ageat of Mawiial propogstlaB, tamm 
to laat, loaaa Ha altlam, aad from tka bad; of tha apoia a i;ttaiB of daUaata, 
bruehlng thlioldi amargBa. Tbaaa ekmgBta aad ramlf; aatanidral; wlOla 
tha ampt; anrlm, absorblag amtarlal which la tnaapoited to tbo deraloptag 
apoia bod;. GradsaU; the lottar, Rdek la alio anUrel; wlthla tha earlt; irf 
tha laaoet latagamaat, saUrgsa aad araatusll; baaonea tnasforiud Into a 
maraaglBB, the eoateats of whlah baeoma dlrlSad late nameiNis aeflaporas. 
Thaoa saeapo through a pore fonaod la tho wall of tha aporaaglBBi. A 
Bahm tfpa •( aaaoal rap^oetloa has also baaa obserrad la aararu apaelea. 
Ia mla pwiiiam two or thraa powag tbalH hannina coaaseiad b; aa aaaa to ai e a 
lag of thalr lUaddal Ratami and tbs aeatsala of oao or meaa pUata paoi 
ttooigh the lUtoMs lato a alagla thaDaa, The aula bod; of the taeaptlaa 
plaat (formed erIgiBall; b; the bod; of a <iBlaaaaat aoSapota), attar la- 
anaalag la ati^ aarreanda Itadf with a thick wall and baeo m ea IraBafonaad 
lato a mating itnatan. TOa apaa ganriastloB, piotaabi; faaetlDaa aa a 
tporaagfana ^ glrei rlaa ts traa awliiBliig aporsa. 

t Paper from tha Departnuat of Botaa; of tha UalTsialt; of m«t»tg«», 
as. 0U. 

raompimoa or nn tamaw PMiuinrBiqaL a u c imr i 
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Of tbi fungi dcMilbad, XkiwalaiaaHiHn narniitinmin, UMHmi m- 
tuuum, MtofUyeUt Ptitrunli nnd ObnHdliia hamalm nn saw ipaelet. 
Nona of tka otken haa baan haratofon eoDaeted In tha naltal Stataa in 
hava tht7 appamtl; bam abaamd la Earope, ae far an the raeorda ladlaita 
during tha paat SO jaan. 


Ikibodvotioh 

AiiTBOuaR it is generally approoiated that ohytridia- 
oeooB fangi may bo remarkable and oftentlmou bizarre in 
their body stmoture and reproductive activities, it is no 
less true that in thoir ofTorU to obtain nourishment they 
may also choose strange and unusual substrata. Of such, 
none is perhaps more extraordinary than the snbmerged, 
empty larval, pupal, and nymph cases of certain insects 
which pass t^ugh their immature stages in fresh water. 
Jast what nutriment there is in the eiuviv which is attrao- 
tivo to the swimming spores of these phycomycetons fnngi 
is not at present known It seems reasonable to suppose, 
however, that in the complex series of chemical processes 
which precede the' emergence of the adnlt insects, substances 
are produced, particularly by the moulting glands, which 
are readily available to the fungi. That it is not the ohi- 
tinons material of the mtegnment which is fed npon seems 
indicated by the fact that the fungi may disappear after 
a relatively short period of growth, whereas the case itself 
may remain apparently unchanged many months in water 
before disintegrating. When integuments are examined 
directly after collection fungi are ordinarily not present in 
any great variety or number. However, if these exuvim 
are kept in shallow bowls of distilled water for a few days, 
a remarkable growth of phycomycetons fungi ensuee. 

It would appear that not all insect groups are suitable 
for the needs of the fungi, although not many have as yet 
been explored For example, the exnvue of mosquitoes and 
orone-fliee seem almost devoid of chytridiaceons fungi, 
whereas the larval cases of the Chronomtda (midges), the 
nymph rases of the Ephemerida (mayflies), the Odonata 
(Anisoptera) (dragonflioe), and particularly the pupal 
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cMeB of the Phryganctda (caddisfllee) are unusnalljr favor- 
able eubetrata. 

Nearly all onr knowledge of integament fungi we owe 
to the work of Docent Dr. H. E. Petersen of Copenhagen 
who, over 30 years ago (ISOS), oallod attention to the fact 
that in this habitat there existed a remarkable and charao- 
terietio phyoomycetons flora. In the summer of 1933 it 
was the writer's good fortune to have the opportnnity of 
collecting and observing these fungi under Dr. Petersen’s 
guidance, and to that indefatigable and gracious investi- 
gator the writer wishes to express at this time bis most 
grateful appreciation. As a reanlt of the information thus 
obtained, it was possible not only to observe a number of 
Danish species bnt to extend these observations to material 
collected in the United States. The following account is 
based mainly on specimens obtained from these countries, 
and, to a lesser degree, on a few from the viwity of 
Cambridge, England. 

Mkthods op CoLLBonoiT 

In the Danish lakes the exuvis of caddisflies are found 
in June and July m groat numbers floating gmong the 
reeds near the leeward shore and in the debris piled up by 
the wind at the water’s edge. While one may pick many 
of these almost invisible eases directly out of the lake and 
put them into small bottles of water, this method requires 
a considerable amount of exploration A more efficient 
method, at least in American waters, is to gather a large 
quantity of the wet debris blown up along the edge of the 
lake, wrap it in newspapers or put it in metal containers, 
and bring it back to the laboratory. There, small amounts 
are put in shallow glass dishes, against a dark background, 
and the material is well mixed with a little water Each 
dish is then roisked gently back and forth and the intogn- 
ments picked out as they move toward the surface. Subse- 
quently, these are placed in shallow bowls of distilled, or 
Altered lake water and left in a cool laboratory room (17- 
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20° G.). TTBoallj wltUn 12 honn some fimgi will have 
appeared and during the next 3-4 days they will achieve 
their muTitniini period of development In the following 
few days their numbers rapidly decline — the available nu- 
triment probably being nearly exhausted — and only the 
resting spores and a few sporangia of certain species will 
persist 

In addition to the chytridiacoous funp, to be described 
in this paper, various species of ^phoHomyces always ap- 
pear. These have been referred by Petersen (180S, 1905) 
to A. lavit deB., A. scdher deB. and A. cimiger, a new spe- 
cies. A further study of them is highly desirable, par- 
ticularly the deBaryan apories. 

In Denmark, material was obtained principally from 
the Barom So, Pure So, Sbnder S5, and a small pond in 
Dyrehaven, all localities in Sealand. In Jutland ooUeotionB 
were made in a few small ponds among the dunes at Baab- 
jaerg Milen near Skagen. The American collections came 
from three localitieB: a small pond near Hyannis, one at 
Nonamesaet Beach on Cape Cod, Massaohusotts, end Clark’s 
Pond, Canaan, New Hampshire (N. H.). The writer is 
greatly indebted to Professor Leland Origgs of the De- 
partment bf Biology of Dartmouth College for the oppor- 
tunity of making a number of collections at the latter site. 

Fuvoi CouaoTXD 

1. AaUropklyotis tarooptoidet H. E. Petersen 

This is one of the most striking of integnment-inhaMting 
ohytrids. The sobspore, after swarming for about two 
hours, comes to rest and retracts its dliom which deliquesces 
into a droplet and is apparently nbeoibed ix^ the body of 
the spore (Fig. 1, a). A short germ tube is then produced 
which almost immediately forms two oppositely-dirsoted 
branches (Fig. 1, b). As enlargement of the spore body 
proceeds, the brandhes elongate and rebranch, generally 
didhotomonsly. A marked inflation of the whole region 
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of jnnotnre of tho primaiy germ tube and the two bronohea 
ia Boon peioeptible (Fig. 1, o-e), and tbia oltiniately fonna 
the broadly fnaiform or apherieal anb-aporengial apophy* 
aia, 80 oonaplonona a featnre of the mature thallna (Fig. 
1 ,;)- 



na 1, jMtmfUneUi tarttpMJti, ill X 1160 ^gi. a-J, tlulM U 
nrloM itigw ot dsiiIgpauBt; Bg, a, Ktapon with Bull^wrim dUoB U- 
UAel tD lt| Bg. a, TO7 Toong itigi, daUqiuiml aUlna itUI pranot, tU> 
mUiI ijrian wtililiilMid j flg. e, Utu itagt, iliowliig IwglBBliig of imgnlar 
iOhPo i»niinB by ipen bodr i^ broaBa^og at ngwa of ip^hjilii flg, a, 
iBothor, ibowlBg biglaiilig of firifcnl ipoph/tlii Bgi. •-#, oUghtlj liter 
6iha**l k, poiig thillBo with OM of tho ipliiei ilnidr ooUfl, nmoUlBg 
OMMteM teaoroM fw i; Bgi ^ J, amrly matm thillli flg. h, monigliB 
With blfntitod iptiao. 
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Tbe spore body as it enlarges may assiime various nn- 
Bymmetrioal shapes (Fig. 1, f, g, %), caused ohiefly by the 
formation of broad lobes. As tbe sporangium increases in 
size, tbe irregular lobadons become more pronounced and 
are responsible for tbe strikingly stellate appearance of tbe 
mature sporangium (Pi. 1, fig. 13, PI. 4, fig. F). Oeoa- 
sionally, very young tballi are formed which resemble 
Obeltdium mucronatum to a marked degree (Fig. 1, h). 

During growth of the fungus, the content of the enlarg- 
ing body of the zoospore, which will become the sporanpum, 
undergoes a series of changes These were not followed 
in great detail. The hyaline plasma of the zoospore con- 
tains a single oil droplet which very soon after the spore 
oomes to rest fragments into two parts. As germination 
proceeds, the droplets break up further. The hitherto rela- 
tively clear protoplasm soon becomes distinctly granular, 
vacuoles may appear, and the whole may become charged 
with numerous small globules and minute, very refractive 
bodies The globules, as the thallns assumes ite maximum 
size, become collected into groups (Fig. 1, f), and probably 
fuse to form the "reserve bodies" of the zoospores. 

The mature sporangium is irregularly stellate (PI. 1, 
fig. 13, FI. 4, fig. F), and possesses a varying number of 
rather blunt, often thick-walled, refractive protuberances, 
distributed haphazardly over its surface. Occasionally, 
sporangia similar to those shown In Fig. 1, k, PI, 1, fig. 19, 
are found, the surfaces of which are covered with great 
numbers of small, thin-walled, generally bifurcated spines. 
Such sporangia may possibly be variations of tbe usual 
type, or they may belong to another, as yet unnamed species. 
The typical sporangia are variable in size ; in the Danish 
material they were 17-23 |t in width, the nearly spherical 
apophyeie varying from 6-11 |i; in the American epedmens 
they were generally 20-28 in width, the apophysis being 
6-10 |t. Occasionally, giant sporangia were found, one in 
a dragonfly from Clark ’e Pond mesanring 62 |i in diameter 
by 33 (I, high, the apophyeie being 13 |i,. However, the so- 
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OBporeit of this large epecimen were only 2.6 |ii in diameter. 

From the snb-sporangial apophynis there emerges — 
generally from two oppositely-placed main branchos — the 
rhizoidal system. This consists in mature plants of many 
gradually tapering, profnaely branched rhizoids. Due to 
the tenuity of its more distal parts it is impossible to obtain 
any precise idea of the extent of this nutrient-gathering 
system. While its oomponents may generally be followed 
as much as 100 p. on either side of the sporangium, they 
probably go considerably farther. 

The zoospores aro cleaved out simultaneously in the 
sporangium. During maturation, and sometimes earlier, 
there is formed, generally on the lower third of the sporan- 
gium, a single discharge papilla about 4-5 p in diameter. 
Upon its deliquescence, the zoospores emerge In a oompaot 
mass, devoid of individual ciliary activity, through a pore 
form^ in the wall of the sporangium (PL 1, fig. 14). At 
the mouth of the pore they remain in a motionless, sub- 
spherical cluster for about two minutes. Then a few spores 
on the periphery initiate individual motion; this ordinarily 
starts as a slight ‘‘trembling” of the spore body which 
Increases in its intensity and culminates in a violent lashing 
of the spore from side to side. In a short tune all are in 
motion and the group now becomes a writhing mass of 
tugging individuals endeavoring to pull their ciha free from 
some apparently confining substance. After a few minutes 
of this wild activity, occasional spores dart from the mass 
and swim away, quickly followed by others, until all have 
been dispersed. The presence of a confining vesicle during 
this period of marked activity at the month of the pore 
could not be demonstrated. Indeed, from the fact that the 
spores escaped from the mass at different points of the 
periphery, it seems very probablo that none was present 
and by what method they were kept within a definite, dr- 
cumsoribed region during the period of intense activity 
preceding escape is not known. However, it did seem that 
in the late stages the lower extremities of the dlia were 
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held to the mouth of the pore, or perhape withiu the sporan- 
gium. The signidcance of this swarming at the oiiflee of 
the sporangium — oharaoteristio of many other ohytrids as 
well as AateropUi/ctit—it not clear. To the writer, it 
seems somehow to be oonneoted with the final fashioning of 
the cilia. It is possible that these are unformed or only 
partially formed at the time of emergence and may re- 
quire further maturation before the spore can swim away. 

Occasional variations in the method of spore discharge 
are found. The most common of these is the possession 
by the spores of a sli^t degree of individual movement 
immediately after disdiarge. However, they have never 
been observed to be dischargod directly from the sporan- 
gium os motile, free-swimming bodies. In some oases, the 
discharge papilla had bored through the wall of the integu- 
ment and the spores discharged out into the water (PI. 1, 
fig. 17). 

The Sodspore (PI. 1, fig. 16) is of the usual ohytridi- 
aceous type, and possesses a broadly ellipsoidal to nearly 
spherical body, 6 long by 3 |jl in diameter, within the clear 
plasma of which is imbedded either centrally or somewhat 
laterally, a refractive globule. Trailing behind Is a single 
oilinm about 36 |i in length. During the period of swarm- 
ing, which is, under the conditions of observation, up to 
about two hours, the spore darts swiftly throujdwnt the 
integument, eventually coming to rest, giving a few feeble 
hops, and then retraoting its oilinm. No amosboid motion 
was observed, although it may possibly occur. 

Besting spores have been found in ^th the Danish and 
American material. These are essentially similar to the 
sporangia (PL 1, fig. 16, PL 4, fig. E) but possess much 
thicker walls — the spines in particular being nearly solid. 
Farther, the rhisoidal system is generally not so regularly 
spaced as that of the sporangia. 'The resting bodies are 
usually about 20-30 jt in greatest diameter. Petersen (In.) 
has figured these spores as "sporangei dn secoud 
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■nd bu inferred that they may poesibly be resting stmo- 
tnres. 

It will be recalled that, in connection with the formation 
of resting spores in a related form, Siphonana, Petersen 
( 1903 ) showed that an anastomosing of the rhizoidal sys- 
tems of two (or 3) plants occnrred and that the contents of 
one of these (a smaller thallns) probably passed into the 
other, which became the resting spore. In a previous paper 
the present writer ( 1935 ) mentioned his confirmation of 
Petersen’s observatlona on this peculiar type of sexual 
process and extended it to another genus, Rkteodoamatium. 
While the evidence is as yet scanty that there is a sexual 
process preceding resting spore formation in Asteropklyc- 
tu, there seem to be some grounds for believing that here, 
too, it exists. In PL 1, fig. 18, is shown a resting spore, 
found in a midge integument from New Hampshire, to the 
delicate rhisoidal system of which are attached two unde- 
veloped thalli of AaieropUyctis. This is not an isolated 
instanoe, but one of a number of such cases observed. It 
seems probable that these small structures are in reality 
“male” thalli which have transferred some of their con- 
tents by means of their rhisoidal systems into the other 
plant. However, in spite of the numerous instances ob- 
served of this association of small and large Hielli, the 
writer is not as yet prepared to say that in AsteropKyctaa 
sexuality is definitely known, even though the evidence at 
hand for it is very strong. Another type of sexuality may 
be indicated by the young plant shown in PL 4, fig. D. Here, 
attached 1^ a tube to the thallus, is a knob-Uke body, pos- 
sibly a eystospore; the signiflcaneo of this is not clear. 

In very old midge integuments, maintained in the lab- 
oratory tor some months, empty thick-walled stmctures 
were found, which were probably germinated resting spores. 
Whiie the process of germination was not observed, from 
the presence of a prominent, basal pore in the wall, it is 
probable that they liberated sobspores in the same manner 
as sporangia. 
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CollecUons. Dermarlt • (caddieiflieB) ; Dfrehaven, 20. 

VI. 33; OnbskoY, 24. VI 33; Raabjaerg Milen, Jotlaad, 20. 

VII. 33 United States: Clark’s Pund, N. H., 10. IX 34, 
8. X. 35 (midges), 16. X. 35 (dragonfly), 31. V. 36 (may- 
flies) ; Capo Cod, Mass., 23 VTI. 34 (cad^fly). 

2. Stphonarta varutltlis H. E Petersen 

In the Danisb oolleotions, this remarkable fongns was 
most often found in caddisfly oxnYin which had been about 
6-7 days in the laboratory. Apparently it reached its 
greatest development after the first “wave” of fungus in- 
vasion had passed. It has been observed only twice in the 
New Hampshire collections, once in dragonfly and once in 
mayfly integuments. The following description is drawn 
entirely from Danish material. 

The method of development of Siphonaria, while in the 
main like that of Aste.rophlyetis, presents certain peculiar 
features which are difficult to visualize and illustrate. Fur- 
ther, the small size of the fungus renders interpretation 
of the details very susceptible to error, and the following 
account may, no doubt, be amended by subsequent obser- 
vations. 

The zoospore upon coming to rest, loses its cilium in the 
same manner as AsteropUyetis (Fig. 2, a). After retrac- 
tion, the spore may undergo a limited period of feeble 
amoeboid movement (Fig. 2, 5). Upon germination, it en- 
larges and there is formed at the narrower end of the broad, 
somewhat irregularly shaped pyriform body, a cup-like 
thickemng of the membrane, whidi generally appears as a 
distinct, crescent-shaped black line (Fig. 2, c, d). From the 
opposite, broader end there is produced a germ tube which 
soon divides into two opposed branches (Fig. 2, d). There 
IB reason for beheving that this tube is actually produced 
sub-basally, rather than basally (Fig. 2, e). The body of 
the spore enlarges and the extension and branching of the 
rhizoidal system continues. For the sake of clarity, the 
shape of the young sporangum may perhaps be compared 
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with that of a pear; the narrower end, pobeessing the cnp- 
liJce membrane, becomes tilted downward as growth pro- 
ceeds (Fig. 2, /), and m the fnrrow thus formed on the 
“nnderside'' the rhizoidal system has its origin. As this 
system becomes more elaborate the primary germ tube in- 
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flates and forma a epherical or tubapbeiioal apophyna. In 
mahire oporangia, ttiia atmctnre ia often dlfflonlt to aee, for 
In ‘ ‘front-view" (Fig. 2, g, j) it ia covered by the down- 
ward-tilted prominent “nose" of the sporangium, whereoa 
in “rear-view" it ia almost invisible against the backgronnd 
of tho sporongial protoploam (Fig. 2, i, PI. 1, flge. 1, 2). 
However, in “aide-view" (Fig. 2, k) and in discharged spo- 
rangia it is very prominent (PL 1, flg. 9). 

Two characteristioa of the rhizoids of SipKonaria are 
the thickness of their walla, which may appear na donble 
lines for a considerable dihtanco from the sporanginm, end 
the tendency in many cases for tho rhizoi^ branches to 
arch above the sporanginm and nearly encircle it (PI. 1, 
figs. 1-3). 

As increase in the size of the sporangium proceeds, the 
narrower end becomes more conspicnoas and it ia soon evi- 
dent that it will become the diseWge papilla. 

Daring development, changes take place in the character 
of the protoplasm. In the qoiescent zoospore, there is 
found a single minute, rust-colored droplet, and, usually in 
addition, a somewhat larger hyaline body, possibly the 
nucleus. The latter is soon lost sight of as germination 
takes place, but the globule is observed to fragment into 
several smaller bodies. These lose their color and there is 
left no trace of pigmentaUon in the protoplasm. One or 
more vacuoles may appear as growth continues, as well as 
colorless, refractive globules and minute, irregularly shaped 
bodies. When the sporangia have attained a diameter of 
abont 20-26 |t, the protoplasm asenmes a faint rust tinge, 
possibly due to an even dispersion of minute globnles of 
that color. These proboUy fuse to form the larger, regn- 
larly spaced globules which oharacterize the sporanpnm as 
it readies maturity (PL 1, fig. 3). What causes the reap- 
pearance at this tinie of the distinctive coloration whidi 
was lost during early atoges in the formation of the thallns, 
is not known. At maturity, the rhizoids are drained of 
their contents which pass into the sporangium. 
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The mature iporaDgiam, vhlle somewhat variable in 
form, is usually sab-globose or broadly reniform. Its pre- 
dse shape is diffloult to describe, but cmi be visualised, in 
part, from the drawings. Wide variations in slse were 
found. It was noted, however, that in small integuments, 
the majority of the sporangia were much smaOer and less 
variable in size than in larger ones. Thus, in the former 
instance, most of the sporangia varied from 15.6-20.8 ^ in 
diameter by 15.6-23.4 |i in height, the breadth generally 
esoeeding the height, whereas in the latter case, most of 
them varied from 31 .2-39.0 in diameter by 31.2^.4|i in 
height (PI. 1, fig. 8). However, in these same integuments, 
where, inddently, sexual reproduction was ocourring in 
abundance, there were mature sporangia which did not ex- 
oeod 16.6 X 16.6 (PL 1, fig. 7). In dragonfiy integuments 
from New Hampshire the sporangia were about 42 |i. high 
by 38 ((. in diameter. 

The cleavage of the zoospores was no different from the 
simultaneous process observed in related forms. The pa- 
pilla of discharge, which in this unsual case was recogniz- 
able from the onset of germination of the spore and which 
was clearly distinguishable throughout the development of 
the thalluB, became very prominent in the mature sporan- 
gium because of the formation of a refractive glistening 
material within it. However, if one compares the size of 
the mature structure with that laid down by the spore at 
its germination, it is evident that there has ^n very little 
increase in its diameter. While the spores were completely 
cleaved out in the sporangia, it seems probable as in Aster o- 
phlyctis, that final maturation of the cilia occurred after 
discharge. Upon the deliquescence of the tip of the pro- 
truding papilla, the majority of the spores flowed out (PL 
1, fig. 4) and formed a motionless, nearly spherical or 
eohimnar mass at the mouth of the short discharge tuba 
(PI. 1, fig. 5). After a few minutes the remaining spores 
emerged and joined the main body which was still intact, 
but now more irregular in shape. The last sofispores to 
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emerge were seen to possess feebly developed oillAi After 
another minute, during vhich time the even contour of the 
mass was notioeably crenelated by the spherical shape of 
the now individualized spores (PI 1, fig. 7), independent 
motion was imtiated. During the brief period of "group 
swarming” which followed, the mass of spores became very 
elongate. Finally, the individnals broke away and darted 
about aimlessly in the integnment. There seems to be no 
evidence for the presence of a vesicle, and, as in Astero- 
phlyctts, the method whereby the spores are kept together 
after discharge is unknown. As has been suggested, the 
whole procoss may be conoemed with the maturation of the 
cilia. Minor variations in the process of discharge were 
frequent, but in the majority of cases observed, it followed 
the sequence just outlined. 

The spore body, which is 5 0 long X 2A p diameter, is 
somewhat pyriform, with the narrow part directed forward 
(PI. 1, fig. 6). In the roar there trails a single cilinm about 
4-6 times that of the spore body in length. Within the 
body of the moving spore are generally two conspicuous 
structures, a minute, laterally placed rust-colored globule, 
and a larger, hyaline, spherical body, possibly the nudleus. 

The zodspores dart rapidly about and come to quick 
stops for brief periods before resuming their activity. Im- 
mediately after liberation from the discharged mass they 
may hop about, flexing their cilia before assuming the dart- 
ing type of movement. They seem capable of only feeble 
amoB^id motion and this is of very limited duration. How- 
over, interestingly enough, this usually occurs after the 
partial or whole retraction of the cilinm, a feature, which 
the wnter has never observed in any other ohytrid. 

In establishing the genus Siphonaria, Petersen {1908) 
indicated that the formation of resting spores was preceded 
by a type of conjugation of a very unusual character. In 
this process, a rbizoid from one thallus becomes fused with 
that of another. After fusion, further growth of one plant 
is stopped and it discharges its contents into the other. 
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which oontbiuea to inoroaso in size, surrounds itself with 
a thidc membrane, and becomes the resting spore. 

The prosent writer can confirm unqualifiedly Petersen’s 
observationB on the method of conjugation in Biphonaria. 
Tn many oases actnal contact of the two bodies appeared 
to have been aocompliahcd solely by the efforts of the 
thallns which was later to become the resting spore (PI. 1, 
fig. 10). The rhisoida of this plant seemed to seek out the 
other and often, instead of fusing with the vegetative sys- 
tem, made direct contact with the main body. While, be- 
cause of the small size and inconspicuousnoss of the rbizoids 
the early stages in this fusion were not observed, the writer 
has followed the subsequent fairly rapid transportation of 
materials from the smaller to the larger body (PI 1, figs. 
10 , 11 ). 

The "male" slmctnros, one or two of which (PI. 4, figs. 
A-€) were connected to a single receptive body, woro simi- 
lar in shape to that of the very young thalli. 'Aether they 
were produced only by the small sporangia noted previously 
(PI. 1, fig. 7) 18 not known They varied from 7-11 p. in 
length by 5-8 |ji in diameter and possessed a rhizoidal sys- 
tem of limited extent. The mature resting spore (PI. 1, 
fig. 12) was broadly ellipsoidal or somewhat reniform, the 
majority 13.0-15.6 |i. high by 15.6-18.2 |i in diameter, and 
possessed a brown, smooth or slightly crennlated wall, 2 0- 
2.6 It thick. Tho rhizoidal system was, in most cases, stoat 
and well-developed, but not so extensive as that formed 
by the sporangia. The content of tho spore appeared hya- 
line, coarsely granular, and gnttulate Germination of the 
resting spore was not observed. 

CoUcettona, Denmark, (oaddisflies) ; Sondcr So, 16. VI. 
33; Dyrehaven, 20. VI. 33; Esrom So, 24. VI. 33. U rated 
States; Clark's Pond, N H, 20 IX 34 (dragonfly), 31. V. 
36 (mayflies). 
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,3. BMeocloamatium fflaboaum H. E. Petenen 

This is the most nbiqnitons ohytrid found in exnvisa 
whero it may occur in great numbers. It has been collected 
by me in New Hampshire, on Cape Cod, MaasaohoBetts, and 
at Cambridge, England, as well as from localities in Sea- 
land and Jutland, Denmark. 

In its method of development Bbteoeloamatitim is, so far 
an can be determined, almost exactly like that of Aatero- 
phlyctia, save that the spherical or somewhat ellipsoidal 
body of the germinating spore retains its shape throughout 
its subsequent growth and transformation into a sporan- 
gium (Fig. 2, k-o). 

Considerable variation in the shape of the sub-aporan- 
gial apophysis was noted. In practically all of the Danish 
specimens this was broadly fnsiform, as in Aalerophlyetia, 
and 6 |i broad by 3 high. In the American and British 
material, however, it was more variable in this respect, the 
apophysis frequently being sub-spherical, pyramids] or 
clavate (PI. 2, fig 18), and occasionally possessing a basal 
stalk from which the rhisoida arose. The fusiform shape 
was, however, predominate (PL 2, flg. 20, PI. 4, fig. fl). 

The mature sporangia were spherical or sub-spherical, 
smooth-walled, and 13-22 1 & in diameter, although oeoasional 
dwarf specimens, 9-10 in diameter were observed (PI. 2, 
flg. 21). The very delicate rhisoidal system waa mndi 
branched and often exceedingly extensive (PI. 4, fig. H). 

The sobspores were formed within the sporangium and 
were liberate after the formation of a discharge pore, in 
most oases situated near the basal apophysis (PL 2, flg. 19). 
However, in material from midge exuvls colleoted in New 
Hampshire, this was sub-apicoL or occasicHially apical (PL 
2, fig. 21). The sofispores were discharged in a compact 
mass, and underwent the some period of swarming before 
escape os was noted in Asterophlyetia. In B^booIosim- 
(turn, however, there seemed to be a veside formed which 
surrounded the emerged spore mass. This stmoture could 
occasionally be detected under particularly favorable con- 
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ditions; addUionnl proof of its prcHoure was supplied by 
Spirilla which (fathered around the ejected epores During 
later phasea of the ai^nmuiig of the zoospores within the 
vesicle, these hncleria could be scon unsuccessfully attempt- 
ing to boro through the wall and after the escape of the 
spores, which took jitnco at one spot on the vesicle, tlicy 
lost all mteresl ni tin* mombrano and moved away. 

Tho zoospore*, ueie bumewhat olhpsoidnl, 3-4 p, long by 
2.5 p in diameter, possessed a colorless, centrally or laterally 
placed oil globule and n posterior cihnm about 20 p long 
(PI. 2, flg. 24) 

After n week or raoie of uon-scxnal reproductive ac- 
tivity, the formiitioii of sporangia generally ceased and tho 
fungus produced oiilv resting spores The small size of the 
or(fanIsm and partieularly the tenuity of tho rhizoidal sys- 
tem made ohservulious on the formation of these resting 
spores unusually difficult, lloweier, the writer feels that 
further work bv other investigators will confinn tho fact 
that they are produced after a sexual aet essentially like 
that found in SiplioHtiiia 

A eonsidorable number of immature resting bodies both 
from Danish and American material were examined under 
partienlarly favnrnblc optieal conditions, and in almost 
every case it was tiossiblc to trace n eonneotion between 
those structures and one, or oecnsionally two, smaller tballi 
which were umversally present in the immediate vicinity 
(PI. 2, figs. 22, 23, PI. 4, fig G) The only indinations that 
could be detected of the passage of material from the smal- 
ler to the larger thallns were slight irregnlarities in the 
diameter of the rhizoids (PI 2, fig. 22). Observations 
teemed to show also tliat the two thalli were at first of the 
Bii^ size, hut that the receptive one soon inoreased mark- 
ejly, whereas the other remained practically unchanged. 

The mature resting spore (PI 2, fig. 23) is generally 
spherical or broadly spheroidal with a smooth, faintly brown 
wall about 2 p thick. Like the sporangia, there is a broad 
fusiform basal apojiliysis from either tip of which a rhi- 
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Eoidal ayBtom emergCH Hovwcvcr, thiti Hyatcm appears 
more bmitcd in eTtcut tban that of the sporangia The 
gcrminalion of thcso spores hat not bt'en \i'itneBsiHl. 

CoUfchrini. Denmark- (cadJisfliuH) , Sonilcr So, 18. VI 
33, Dvrehaioii, 20 VI 33; Onbskoi', 24. VI .).1; Ksiom So, 
24 VT 33, Rnuhjnerg Milen, .Jutland, 20 VII. 33 United 
Stalri, (’lark’s Pond, N H , 10 IX 34,20 IX 34,8 X. 35 
(midges) , 15. X. .35 (dragonfly) , 31 V 36 (mnyflios) , Capo 
Cod, Mansaohnsetts, 23 VII. 34 (cuddisflv), Enffland 
Cambridge, 10 VIII .35 (midges) 

4 lihieaelasmahiim aurantiaciiin ii sp 

L'nder this name the wriler segregates a form men- 
tioned by Petersen in his diseussion of Rhitocloimahum 
glolosKiH, and observed by the writei several times in 
Danish and Amoriraii eollections The fungus oeours in 
company with R. globasum but differ, s from it in several 
particulars As (he two fungi goiierullv occur in the some 
integument it does not seem probable that one is simply a 
physiological variety of the other 

The sporangia (PI 2, tigs. 14, l.'i) are spherical, and 
27-.3H|i in diameter — ^larger than those of R globosum. 
Further, the smaller, ellipsoid zoospores (2.5 X 2,0 ji.), are 
provided at mulurity with a miiuite, mslv-orange globule, 
rather tluin a larger, colorless one (PL 2, fig 16) 

The method of spore dischargiv the basal position of 
the discharge pan* (PL 2, fig 17), the apophysis, and the 
rtuzoidal system are similar to those of R globoiinn 

R autanfianini n sp 

Sporangia globose, smooth-walled, 27-38 1 |, in diameter, 
guucrnlly with a broadly fusiform subsporangial apophysia 
from the iianowor ends of which the branched ihizoldal 
system ansos; zoospores somewhat elliptical, 2.5 p long by 
2.0 p in diameter, provided with a minute msty-oranga 
globule, escaping by a basal pore formed near the apophy- 
sis. Besting siiorcs not obseried. Saprophytic in the 
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pupa] cuttCH of PhrygaueiJue, Denmark; in iiMiiph casi“? of 
till- Odiiiiata, Now Hampshire, U R A 

Hhtzoclostnaiivm auraittiac'um n ap ' 

Snorangiu glolKiHa, panoto laevi, 27-iW|j. dju, Hiib-«po- 
raiifnali apophyai late fnsiformi ploniinqiit' pmodita, rums 
ab extrriuiH aiifpistioiibus aystema ilnzoideuiii nmiosiini 
enaarilur, zoospoi'e paulum clliptira!, 2 bp luii^ X 2 0u 
dia., globnlo minato luteofnaco prsdits, ex oetiolo bosali 
imta npopbvBiin formato cmer^ntos Rpora pcrdiirnntes 
lion ohNprvatff 

iSaprophytieuiii in iiitoKniaoiitis pupnium Phryftanoidia- 
riim, 111 Dania, m iutuKumcntiH nvmplianini Oduiiatonim. 
in Npw’ Hampshire, Amerira' horpalin. 

Collections Denmark- (eaddisflics), (Iribskov, 24 VI 
33, Unileil Slates Clark's Pond, Np» TTumpsliirp, 20. TX 
34: 1.1 X (midpfi's) , 31 V .36 (mavAiGs) 

5 Hlniidtuni iiiijioghdinn A Biaiin 

This fungpiH bue beeu rollerted by me onlv m New Hamp- 
shire, and at CambndKe, England 

Wliile the dovolopmeiit of the sporangia was not fol- 
lowed m any detail, it whs evident that the zoosjMire upon 
Kernunatinn produced a single stout rhizoid which, while 
it occBHioually gave rise to Rerondarv branelios, always re- 
mained the most roiis]uruons comimupiit of the nutneiit- 
gathenng system (PI 2, figs 1-3). The body of the spore 
itself enlarged nud ultimutelv formed a spherical or sub- 
sphorical siMirangium, 2R-,'K)(t in diameter (PI. 2, flg 4). 
Generally, though not uuivei sally, the proximal jiortioii of 
the rhizoid became slightly inflated, forming a Bub-sijoruii- 
ginl apophysis (PI 2, flg 6). 

After the deliiiuescence of a aub-npical or lateral pore, 
the zoospores, which were clearly delimited wilhiu the spo- 
raiiginm, emerged in a compact sub-sphcncal muss (PI 2, 
flg 5). Suhaequently, the sporangium and the apophysis, 

1 1 nni greftUy indebted tii Prof. K C Neminti of DArtinootli CoUege fot 
tbe Tsalin dairrlp^m cnntiliiMl Iti tbU papi*r 
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which at thiB time could be Been to be separated bv crosa- 
walle from both the sporangium and the rhizoid, partially 
collapsed rendering the empty rhizoidal system nearly in- 
visible Oiitaidu the sporangium the mass of zoospores 
grodiially fell apart into separate units, each with its con- 
spicuous refractive globule. After about a minute the 
spores assumed individual movement and there was in- 
itiated a verj' remarkable pciiod of swarming. At first 
the writhing mass, ^^hleh by this time was ten or more mu 
distant from the orifice, assuraed a broadly renlform shape 
(PI 2, fig 7, a) After several minutes, during which time 
the spores continued to swarm violently, the shape of the 
mass changed and iKieame broadlv aagittato (PI. 2, fig. 7, h) 
This swarming vas maintamcd for some minutes until 
finally a few spores darted from the apev of one of the 
lobes, soon followed by the remamdi'r, which escaped by 
the same route, or from the tip of the opposite lobe. 

Tn its main aspects this type of discharge resembles that 
found in the other species doscrilied in this paper. How- 
ever, in two features it differs The first of those is the 
change in shapu that tho ejected mass of swarmers niider- 
goes, Qud the socond the fact that, so far as conld be deter- 
mined, the spores moved away from the orifice and had no 
connection with the sporangium. As in Rhiioclosmatum, 
a vesicle seems to be formed which confines the spores and 
against -which they beat in an effort to escape. Further 
evidence for the presence of a vesicle is to be found in tho 
action of boetpria which rush to the spore mass and form 
a boundary around it. Then, too, when escape is finally 
achieved by the swarmers, they emerge from two definite 
spots, the tips of the lobes, not indiscriminately over the 
snrfnco as one would espcct if no confining membrane were 
present. 

TLe zoospores arc spherical and 4|i. in diameter or 
broadly ellipsoidal and 5{i long by 3|x in diameter; they 
possess n single (rarely 2) conspicuous, laterally-placed, 
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colorlosH, luCraotivc ftlobulc From the rt-ur of the IkmJv 
traik a ciLum, 30-33 |i. in len^h 

No rentnis aporcii wore lormefl in niiv of the matonal 
Collections Umled Slates. Clark’s Pond (N H ), 10 
IX 34 (midges), 31 V 3(1 (miivUius) Eri/jland' (mid^us) 
Cambridge, 10 VTII 315 

6 Ilhuidtum raniosuni n sp 

111 exuviB* from both Denmark and Xew Hampshire there 
was oceasioiiallv obseived in limited numbers, a s{iecies of 
Rhizidmin vhieh diffeied in several res))eptR from R myco- 
philuin and other mombers of the f^enus 

The sporangium is gluboso or rarely ellipsoidal, and 
20-45 (1 m diameter. From the tip of a short basal mam 
axis there is produced a widesprenil system of stout, branch- 
ing rhirsiids (PI 2, figs 8-10, PL 4, fig 7) A feature of 
this fungus, particularly in Iho American specimens, is the 
formation on the sporangium ns it approaeLos maturity of 
large irregular protuberances of highly refractive matcriAl 
(PI 2, 12, 13). These may possibly bo discharge pa- 

pilln, if so, only one of them is functional The exit pore 
may bo formed at any point on the siirfare of the sporan- 
gium (PI 2, fig. 12) but 18 usually opposite the point of 
attachment of the rhizoids (PI. 2, flg 8) Upon the de- 
liquescence of the papilla tbo zoospores, which are cleaved 
out Muthin the sporangium, emerge in a compact column 
(PI 2, fig 9) which quickly becomes expanded into a globu- 
lar mass (PI. 2, flg 10) They lie in a motionless clustei 
at the oritk'o of the pore for several minutes until those, 
uear the periphery Middenly dart olT Kventnally the 
others disentangle themselves and pull unay until all are 
dis^iersed The siHircH (PI. 2, flg 11) are elliptical, Gp, 
long by 4p m diometei, nnd possess a miuute, laterally 
placed, refractive, colorless globule and a long posterior 
cilium. 

As shown m the flguros, there are certain slight dif- 
ferences between the Danish (PI 2, flg« 8-10) and Amen- 
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(.‘Ru muteriul (1*1. 3, 12, 13), which at thin time tlio 

writer duct) not feel nre of Hiiifieiont import to oepnrate the 
two B8 dihtinct ftfK'cieh hhiztdiinn raniosvm diffcm from 
It wprophitiiw jn poihessing a very short Rnb-sporaugial 
trunk (orniinatnig in n profusely branched rhizoidal syatem 
rather than a single elongated mam axis. A further dif- 
ferenoe is found ni (ho iicciiliar refractive iiodnlcH which 
(ir-oiir on its sporangia 

Ilhiziihuiii laiHDi-inH n sp. 

Sporangium glolioHe or rarely ellipsoidal, the surface 
often tieanrif several irregular, refroctivo protuberances, 
20-4.'i|i in dinmolcr, with a short, basal main axis from 
which arises a system of stout braiichnig rhizoids; zo- 
ospores elhpsoidal, <i u lung by 4 p in diameter, with a lateral 
colorless globule and a single posterior ciliiim, emerging 
from the sporangium in a compact colnmn after the de- 
liquescence of a single, usually teimniul, discharge papilla. 
Resting spores not observt*d. 

Ruprophytic in integuments of Plin/ifaueidir, Ihuunurk; 
Chtroiiomidcr, Ephemendcc, United States (N H ) 

Ithittdiuiii raniontini n sp. 

Sjioraiigium glolxisum aut raio ollipticum, superficie 
aliquot piotuborationibiis irregularibus refractivis sspe 
prailita, 20-40 dio., habens primarium axem basalem 
iirevcm e quo svstema rluzoidomm validorum raiuosorum 
onascitur, zoospnne ellipticte, 6p lung X 4p dia , glubulo 
latcrali inculorato ntque uno eilio posterioro pipits, e 
sporaugio vehit culumna compaota, juipilla dimissionis sin- 
gula plenimqiic tcrminali dissoliita, emorgeutes. Spor» 
perdurantes non observato*. 

SaprophytiCDin iu integunientis Phrygatietdiarum, in 
Uania; Chfronomidarufn, Ephemeridatum, in America 
boreali. 

CoUeftions. Denmark (caddisflics), Dyrehaven, Sea- 
land, 21. VI. 33. Umted States - Clark’s Pond (N. H.), 10 
IX. .34; 1.3 X. 35 (midges); .31. V. .36 (mayflies). 
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7 Ithtzoplih/rtiM Peten>ru>i ji sp 

What v^aii without doubt the moal htrikiiiK iind certainly 
tlie largest of thoao iiitcgnmeut-iBhahiting chylnds was 
found ill the empty cases of midges and dragcmtlieH from 
t'lark’s Pond, N. H , in the autumns of 1934 and 1935 
The developing lliiilliis cuiihists of a “ Ccntralblase," 
which, while it la gonerully ‘.phorienl, sub-aphencal, or el- 
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some rbiioldi the eontmt bai tnif^rfited intt* the renlnl bodj and h eraaa wall 
hill biTD formrd X MU 


lipaoidul, and free lu (he cavity of the intcRUinent (PI 3, 
fig 4), may occasionalh be irregularK peltate and ap- 
pressed to the inner Mirface of the substratum (Figa 3, 4) 
From this main body, which may lie regarded as the funda- 
ment ot thu sporangium, Ibero ariac 1-10 stout rhizoids, 
up to 10-15 p. in (bameter, which brunch profusely and 
ramify extensively in the integument (PI 4, flg. J) The 
“ Cenlralblase ” of the mature Ihallus vanes from 50-170p 
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in diamoter while the rhizoids may extend an much aa 500 |i 
or more from it In moat coses the sporangia! fundament 
ia immersed in debris and it is usually only by tracing the 
stout rhizoids to their sonree that the main body can be 
found 

hhvrly stages in the devolopmonl of the thollus were not 
observed Tn growing plants the protoplasm, which oon- 
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tains numerous, irregularly-shaped, colorless refractive and 
orange-brown bodies, may undergo a period of strong vaono- 
lizatlon. As they approach maturity this vacuolization is 
lost, and the rhizoids are drained of their contents, which 
become accumulated in tho "Centralblaae," now considered 
the sporangium The protoplasm becomes very donse, as- 
snmes a peculiar "fuzzy” appearance, and the pigmenta- 
tion becomes more intense, especially near the center (PI. 
3, fig. 4). At this lime a prominent papilla u formed on 
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the Hurfaco This elongates and within 48 lioiirs luis be- 
oomo a tube about hO|i. long by 20 |i. in diamoter with a 
refractive tip (PI. 3, flg. 1) The protoplasm at this stagu 
becomes homogeiiooiis, rolorloss, and shot with minute, 
ovenly-spaoed globules of the pigmented material 

The zoospores arc formed within the sporangium and 
are h berated npon the dcbqncseenca of the refi'iu-ti\R tip 
of the disrharge tabe. Uundreda of spores emerge in a 
mass and form a large, aphoriral, possibly hollow, motion- 
less cluster at the oriflco of the tube (PI. 3, flg 2) Shortly 
thereafter they initiate individual movement and swim 
awa> Thair progress through the water is a swift, even 
one interspersod with frequent sudden ehauges of direc- 
tion. Prolonged periods of amoeboid movement are ocea- 
Hioually resorted to The body of the spore is nearly 
sphencal, 5 2 p in diameter, and contains several colorless 
refractive granules and a small orange-brown globule gen- 
erally near tbu pomt of attachment of the single long 
posterior cihum (PL 3, figs 5, 6). 

Besting spores were found in several instanees. These 
were intercalary or terminal, spherical, ellipsoidal or ir- 
regularly shaped (PI. 3, flgs 3, 7), and hod a thickened wall 
and densely granular, dark, orange-brown contents Thu 
sphorieal ones were about 25|i, in diameter, the elliptical, 
23 X 27 p and the irregularly shaped ones 23-35 ji, x 17- 
20 p. No oindencc of any sexual proeess preceding their 
formation was obsen'cd. 

This fungus, in its size, pigmentation, and tho unusual 
shapes assumed by its sporangia and resting spores, is 
strikingly distinct from other desenbed sficcioB of the genus 
and it is, thereforo, termed Rhttophlyrlis Pefereenti n. sp , 
in honor of Docent Dr. Henning E. Petersen of Copen- 
hagen, who first called attention to the peculiar and char- 
aoteristio chytndiaceous floia found in submerged insect 
integuments. 
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Rh%eopUyct%8 Pelergenti n. sp. 

Sporaugimn ephencal or irrofpilarly Bhaped, Bmooth- 
wallpd, the spherical specimcuH, 50-75 p in di&meter, the 
irregular ones 60-170 a X 40-lM a ; rhizoids arising from 
1-10 plaroH on the spoionginm, stout, up to 15.6 ix in di- 
ameter near the point of origin, extensive, much branched, 
500(1 or mure m length, zoospores posteriorly uniciliate, 
\ery numerous, emerging through a disehurgo tube up to 
<i0(i long by 20 n in diameter and forming a motionless 
globular cluster at the orifice befoie dispersing, nearly 
spherical, 5 2 (i in diameter, with a minute orange-brown 
globule and sovcrnl retractive granules, resting spores in- 
tercalary or rarelv tenninnl, relativelv thiek-walled, sphen- 
cul, elliptical or irregular, with a densely grannlnr, orange- 
brown content 

111 empty liirMil discs of the ('luronuuintti', Odonata, N 
II., I'riited fSlates 

HhtzophlyrtiH rftvrwnu ii sp 

Sporangium ]iariete lo-vi, globusum uul forma irron- 
bire, illud .50-7.1 1* dia , hoc 60-170 (i X. 4ft-140|i,; rhizoidea 
(•\ 1-10 loeis sporangii euaseentia, viilidu, usi^no ad 15.6 g 
dm propc locum origiiiis, late pateutio, ramosissima, 500(1 
uut plus loug , zonspone postiee iiniciliatn, plurimoi, ex 
lubulo dimissioiiis iis(|iie ud 50 (i long. X 20|i dia emer- 
gentes, et ante disporsiouem eumulum globosiim immobilem 
in ore faeientes, pwuo sphieroideR', 5 2{i dm, globulo mi- 
nuto, luteo-fuseo aliqnotque grunnlis refraelms prteditB; 
sporie perdurantos intercalaros nut ruro termiuales, pnne- 
tibus enissiiiseiilis, sphwroideip, elliptiea’ aul irrugulares, 
protopliismate liileo-fusro deiiseqne griiiiuloso campleUe. 

Ill integument is lurviirum vacuis Chtronomtdarum, 
OdonatoruHi, in Xew Hampshire Americie Borealis 

('ollrchotm I'nitcd SfaJes; Clark’s Pond (N. H ), 10 
IX ‘14 (midges), 5. X .35 (dragonflies). 

8. Ohrltdiiim (?) mucronatum Nowak. 

A limited amount of material of Obelidium (f) mucro- 
iiatvm was found in a eaddis fly integument from a pond 
near nyaniiis. Cape Cod, Massachusetts. 



puxdi I^ ixsECT Exrvi i; 


40 


ITie youngest tlialli observed verc exreedingly minute, 
being scarcely more than G |s bigh by 3 (i. in diameter (Fig . 1 , 
a-c). At this stage n delicate rbizoidal ayateni emerged 
from either side of the narrow baae of the pyriform body 
within which eonld be seen a refractive globule Ah the 
plant grew it iiicreaBed in height, the body liecame fusi- 
form (Fig. 5, c- 9 ) and the rhizoidal system extended and 
brnneJird The basal globnle broke up into a nnmlier of 
smaller units, and Iraiisieiit vueiioles uppenred in the now 
more granular protoplasm. Early in the formation of the 
thallus it could be seen that the basal portion, from which 
the rhizoids arose, was difTerentiatcd as u bulbous 01 oup- 
like part from the rest of the Iwdy (Fig G, d) As growth 
eontiniied, this distinction became even more evident. 

The matnre spuranginm (Fig .I, h) was broadly fusi- 
form, 20-2.3 p. long by 7-Sp in diameter, and rested on the 
cup-Iike base which was 3-4p in diameter In some hiieei- 
meiis there vink detected at the narrow apex a clear apace 
which the writer interprets as a \ncuole (Pig 5, g) This 
region remained hvaliiie m eontruHl to the slighlK granular 
eouteiit of the mam body and base, mtliiii M'hicli were 20 
or more evenly spaced, refractive globules The rhizoidal 
system was deliciite and much branched, riuliatiiig in all 
directions from a single point on the base. A minnte re- 
tractive iiotlulc eonld gi-iicrally be seen on diarliurged spo- 
rangia at the point of emergence of the vegetative system 
(Fig 5, 1 ), this was probably a plug separating tlic two 
parts. Discharge of the zoospores was not witnessed, al- 
though empty, somewhat collupsoil sporangia were found 

These plants differ in certain important respects from 
Nowokow ski’s siiecios and it is possible that (hey should 
bo sogregatoil from it. 'Phe most fn-qucntly illustrated 
figure of 0 muiroHalHin (Nowakowski, 1876, fig. 1 ) shows 
a sporangium with a broadly elliptical mam body, pos- 
sessing a solid apical spike, all resting on a short, thick- 
nailed narrow stalk which tcrmiiiales basally in a contigu- 
ous spherical, thick-walled structure from which rhizoids 
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emerge. The present fungu-^ possossen no such spike, al- 
though what has been interpreted as a terminal vacnolo 
may iiossibly be it; nor is there any prononneed stalk aria- 



Fxo 5 FigH jNirrrvMfirM, flgi j-m, ObtMtim 

turn B ip , ttl) X 1<W0. Tig^ a-<, vviy «ail> ittgnt m d«velopmfBt of %ht\ 
Itu, flgL imnutiire thilU ibowlag tUek wsllod ImmI ragloa, flg. g, tbtJ' 
1qi hBrlBg an apical Taciiolii, llg k, matarf oporviglttni : flg* ^ dlMhirgod 
■poruifliiiBf ihowlng eoatroak In tUckBoai of »aDi of vppnr and lowor parta 
of uporoBgium Flga. Obtlidtim homslvm b ip , flg j, ompty opo* 
rugiBin iaUet ib hoft, ohowiag Utrtnatiieal barba bfwth ontor boat wiUp 
Ago. h, I, mtpty aporangU; in flg. the opnlog la tb# aUlk for foaUaloa of 
the loteporea nuy be eoen, Ag in, ubepore* aueigliig bo aDupboli rrtaling 
from the ■poTBnglQDL 



FUNGI IN INSEfT KXUVI.K 


51 


mg from tho baual part. In these fealnres, however, it 
resembles very markedly Nowakowski’s (loc. ni ) figure 3, 
and it is to be supposed from this that his fungus was some- 
what variable with respect to stalk formation Neverthe- 
less, in the total absence on tho American material of a 
pronounced apical spine — so eharocteristic a feature of the 
European fungus — a dllTerenoo is found, tho full taxo- 
nomic significance of which must await further investiga- 
tion. 

CoUccitoHS Uuifed States (caddisflies) near Ilyanms, 
Gape Cod, Massachusetts, 23. VI 34. 

9 OhrltdiutH hamatum n sp 

What appears to be another, hitherto undesenbed spe- 
cies of Obchditm was found on larval cases of midges in 
New Hampshire. Tho sporangia rested on the surface of 
the snbstratnm, and, like a species of BMtophidum, sent 
their rhizoidal ayetoms into the interior of the integument 
(Fig 5 , }). 

The main body of the sporangium was broadly ovoid, 
8-9 |i in diameter by 10-12 p high, and possessed a distinctly 
thickened wall (Figs 5, k,l). Its lower part was prolonged 
into a broad thin-walled stalk about 4 |i in diameter by 8- 
12 |i in length which was continuous with the main body of 
the sporangium. At about the middle of this stalk there 
were formed two oppositely-placed spines or barbs which 
were nsually tilted upward toward the sporangia! body. 
These spinel appeared to bo just beneath the surface of the 
exuvis and were obviously a mechanism for holding the 
fungus fast to tho substratum. Within, the integument, 
the stalk abruptly terminated in a delicate, branched, or 
more often unbranched, rhizoid of limited extent 

In all eave one instance, the sporangia had been com- 
pletely discharged before the fungus was discovered. How- 
ever, a plant was found from which minute ellipsoidal zo- 
ospores were emerging through an opening at the base of 
the main body of the sporangium where it joins the stalk 
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(Fig ni). T1 ioh«> were about 4 (i. long by 2 (j. in diameter, 
posteriori} unioiliato, iiniguttnlate, and at tbe moment were 
oroepiag in on ommbnid manner ont of the eporanpnm and 
over ite surface From the smalt uumbar (four) a’hioh 
wore found, it Reomed ver\' probable that the main diH- 
eharge had occurred earlier and that IhcRe spores ■wore 
merely HtragglerR 

In the shape of its sporangium, the lack of au apical 
8]iiiio, the possession of two barbs on the stalk, the thick- 
ening of the sporsiigial wall rather than that of the stalk, 
and in its smaller size this interesting ehitrid differs from 
Ohelultum miicronatum a'hteh is considered its closest relii- 
tive. For these reasons it is termed Ohelidium hamatum 
n sp 

Ohclidtum hamatum n. sii 

Main body of the sporangium extramatrical, broadly 
ovoid, thick-wallcd, 8-9 p. in diameter by 8-12 (j. m length, 
poBsesBiug a basal, tbin-watled stalk about 4 a tn diameter 
by 8-12 a in length, continuous with it, and on which are two 
oppositely-placed, intramatrical spines; rhizoidal system 
intromatrioal, feebly developed, branched or unbranched, 
emerging from the abruptly tapering tip of the intramatri- 
oal part of the stalk; zoospores ellipsoidal, 4 a long by 2 a 
in diameter, posteriorly nmciliate, nniguttulate, escaping 

an opening at tbe base of the main body of the sporau- 
gium Besting spores not ol»erved. 

On larval cases of Midges [dhironomuhe). United 
Stales (N. H.) 

O hamatum sp nov. 

Corpus ipsum sporangii cxtramatricalc, late ovatum, 8- 
9 a dia. X 8-12 a Inng , basi in stipitem parietibiis (enuibus 
prodiiotum, c. 4 a dia. X 8-12 a long , in quo 2 aculei iiitra- 
matncoloB oppositi stant; systema rhizoideum vix effoctum, 
ramosnm aut non romosum, ab extremo abrnpte angiistato 
j^rtia intramatncalis stipitis enascens; soospora ellipsoi- 
desB, 4 a lonp; X 2 a dia., postice uniciliate, uniguttulatn, 
e foramino in basi corporis proprii sporangii emergentes. 
8pors perdurantes non observate. 
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lu inteifumontiH larvarnin Chironnmidarunt, in Npw 
I lnmimliiro, AmcricK hoiealis 

CollerUomi. United Stales (midfiPH) ClarkV I’nml (X 
H.), B. IX 34 


SrMMAiir 

In the Gxuviff of the immature ntafie of midgcH, drafiou- 
fliOH, caddiufliCH, and mavflien, whieh ai e xiibmrrKed in f ronh 
water, there has been found to develop a remarkable and 
X>eon1iar fungous flora These fungi, in the main, belong 
to the order ChvtridialrH of the PhvroinyeetPs, although 
representatives of (ho Saprolegniales — notably species of 
Aiihannmyres —may also appear 

Nine species of chytrids, collected in Denmark, Bng< 
lanil, and the United States, are described in some detail, 
and of these, Hliizoclosmahutn auraiiliai iim , Rhuulium 
ramoaum, Rhtzophli/i Its Petersenu and Obelidiiim liatnatum 
appear to Ih? new sptHnes 


tnatioaurHi 

Now\koW 8KI« 1876. Bdtrage rar KonDtniM der ClhytrldUfPvn, Cdkfi, 
dir PfianMen, 8. 71 

PCTikacHp Q, C, 1008 Mote eur Ice Pbrrnnijrdten obserrde due Im 

nioDU Tldee doe ti7m|)hee de Phrygmafai avee defleriptloa do troia 
eepeedi nrmTollte d« Ohytrldin^tei Jottrn de Baton , 11, 214. 

■ 1910 An Aoraont ot OtnUfa Fresh ireter PhyrmnrcDhis iHtii Bio 

logloal end ByetemttWI Remuk^ s4sm Uycol , B, 404 

BfAEiow, F K.y Jb, 1988 Beeont ObstrlbBtioni to ogr Knowlodgo of tbo 
Aquatic iHijcoHiyrrtm Blof Spi 10^ IIS 
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All drawinfv tDAdo vith tbc aid of the ramrrH Jucida from UvinK 

Diitprla] 


PLATE 1 


PiGB 1 -IS. Siphoiiaria rariahilttt from OanUh eollfrtlunh All X S30 
Fifl 1 Tmmatnre, eolorlosi tbaUua. 

Flo 2 Bforp matare thafliia, Rhowiag ratura of orange lirown pigmaata- 

tion 

Pio 8 Back Tiew of mature aitoTangluin, alio^rlng point of attnehment of 
rbiioida. 

Fras 4, 3 Two atagei in tlu* diiebarge of the aporaa threrngh the bneul 

pore 

Fki 0 Zotfaporea. 

PtriM 7, 8 Sporangia of loti Miee fooml in abunOnnre in integument ron 
talning rvetlng iporaa. Oanielanglat 

Fig D y mjWy Rporauglum nhofring banal pore» ihiek vralled apctphydi and 
three loGHporci which have germinated in the iporanginm 

Fio 10 Cunjagatlon of two planta of nneqnal alae, br mrani of their 
rhluiida The content of the amatler, plant li ateadlly poMing Into 

the rhiaold of Iho Inrger, receptive thallna 

Pin J 1 Same male plant after a few mlnntea The whole ronteot haa 
paaerd Into the larger thallna which becomra the renting aporo 
Fso IS kfatura raatlng apore with S nialo thalli 
Fhih 18-19 Jsletopkipfit* sartoptoidet. All X 830 
Kiq la Katnre fporanginm of Danlab matarlal abowlBg baial npophyali. 
. Eeonony of apace hai praventod the drawing of the wboio rhiaoldjal isriteBi 
KfO 14 BartM afpnrangluin dlachoi^og Ita iporea through rah apical pore 
Kia IS ZoSapore. o 

Fig 10 Mature reetlBg ipore, from Paniab matorlA]. 

(To 17 Sporanglora of Amaiican maferlal dJaebarging Ita iiioree tliroogli 
the wall of tJui nld^ integmnaat to th« outaide Spore* Tlolentlj awemlag 
and begianlng to dliperar 

Fin 18 Kentlog ipore fiom Awrfean nuitirial, ahowlng two Immature 
thalli uiMirlated with 1? (**malpa"f) 

Fig 19 Hporangiam from llanieh material, ihowlag regnlarlj bifarented 
splnea. Annther erwcleel 




PLATIt 3 


Plan 1-7 SJhffWtHt PlgL 7, X 630, fig. 0, X 3U. 

Fiqh 1-3 ThalU la Tarioiu atagei of mmiartty 

Fra 4. Mnturo aporatigloin, ahowlof apoph 7 «lA, bwal ping aad dU* 
chjiTgo papilla 

Fid 5 Kmorgenee of aoduporet. 

Fra 0 ApophyiaU aportaglam, from Brftiah eolt«otloB» 

Flo 7 ChaagM la ihape annmod hf iba Burannlog iporo mara of dg IS, 
aftar dlarhargo, (a) drat aliape, (3) dual ihapo 

liOM 8-13 SkiMidium mmcsitM m ap, AU X 330 
Flo. 8 ICatvo oporaDgliia from Daaliih nalrrUl 
Fna. 0-10 fitagffl In tkto dlfrbarge of tba aodaporoa 
Flo. 11 KoOfporr 

Fifl 10 Hporan^am from Amorlraa raaterltl, iliowlng Imaal pore ud 
Bodnlfi of refrartlvs malarial. 

Fu 13 Iramatorr aporaaglna thoiring n^frartivo material iritbla the 
apotanglaBi In tbe poeagmloa of a large, nabraaeted rhlaold, thU plant a^ 
proaeheo S. 9jtcophUwm 

Fiaa 14-17 RktaorUismaHmm ovroalidoam a ip AU X dOO 
Fni lA Ifilare eporaogliim wilk baaal diarharge paplll^ from Daobk 
ttiterlal 

Fio Id Ofatarr fporaagiun from Aaeriraa malerUL 
Fid Id. 2o6epore. 

Fia 17 Enplj eparaagliua from BaaLib material. Tvo laggard to* 
ttipom eemplng 

Fioa 18-24, JOirodoMMitlaiii glokonm. Figa. 10-31, X 030 , dp tO- 
23, X 1000, dg 84, X 630. 

Fra, 18. Immature iporangliuii, ibowiag clarate apopbjrie. AnwilBaa 
material 

Pm 10 Sporaaglam (tteekargliig He todeporee tkrongii a ban! pore Into 
1 nalcte. Dani^ material 

Pra 80 Tmmatare aporaagiom from Amerleaii materlaJ, abovlBf tbe 
mere ffplral fsalform apoph^ala 

Flo 31 Xhvarf ^poraaiglUD with apleal dlaeharp poia. Aaarieu aui- 
teiial ^ 

Fra 38 Earlj etage Im eonjog^oa of two pUata. Tba faaifoni aa* 
largcmfota la tbe rblioldo ma; pomibt^ be due to material from tbe nBinar 
plant migrating to the larger, reecptiTe tkaDaa. 

Fra 23. Aaoiber oaae of rbUotdal aaaatomoala. Tbe reeeptire thaUu 
bai been tranaformod into a reattag epore. 

Fie 84. Zodapore, 



PLATE t 





PLATE 3 khitfiphijicltii PcUnmli u sp 

Pro 1 MAturo ifKirAoffiam with disrliarge tube X SOO 
Fia «! Biune lintnedbitily uftor dlveliArgo, tbc ip^ires forming • motiuu 
IcM ApbflrUal clutter at ttio tip of the dlirhargu tube X 200 
1^0 3 IfTfguliirlj aliAiMKl rt^lug gytort X 

Fia i Mature tbAlJiMj dJarlmrge lobe begianing to /nmi X -M). 

Flu S 'AotaiMrcn, tin* one on the left aliowiog the ahitpe while eetleely 
awLminlng, tlie other the ahnpe during umabold moroment (freohand) 

Fia 2roda|K)re drawn (o eeale X -CM) 

Fia 7 Elllpacndal reattng ipore formed Joat bem'Bth wall of integutti'Bfc 
X 630 




Frl9r»mU n ip 




l*LAT£ 4 

Kioa A t' StphnnariA rariahihs (1>Anlah mutorlAl, stnlnot] with cohId ) 
X fl4ll 

>'ra J SmHnf ftp<ire witli two ''malp'* IhaDi (iDtlleaN'^l by a/ruw^) 
RttBfbed 

FlO Bt ncatloK aporp wntU timle tltuHiia (nidli>Qted by Arrow) In forus 
Fiq r HAini' At BJijfiilJy difft^rent ft>riM abuwjoir ronMouity of rbiiolda 
of reatlng upon* and nuilo oidl 

Fiqh U-J, from lining nuilorlal, Amfriion rollortinni 
Kiu i> 'Young lluilluA of A/rf0ruf^1yrU» mreoptoideM nitb attnrfapd iobo 
tfrminHttid bT b eynt X 040 

I'^o B At'oting Hl'orv of ^«frropA/y<*f/«r, the rluBoidal avitem not slinwa 
X 040 

Fia B HjiurAnglatti of Aatrropkli/ctU X 400 

Fiq (] Ketling niiore of BhiroetomuUMm ptoboBHin, iliowlng empty mile 
thAlloi (IndlcBted by arron) X 640 

Fia B [niinMlum eiKirangiuia of fblfrWnjimttfliiiii plebonm X 640 
Fni / 3(A(ur«< nporangioni of ramffintm n Bp , the rliisoldal 

iyitcm Jiiit radiating fnnii tbc baw uf the npuranglam X 400 

>'io J Tliallua of ifAtvopAlyrtio Peirrtrnu n ap , ahowlDg the Bylicrlrol 
‘‘central l»ody" (the BiKirangtal fuadimpat) and the atoet rhJiotda radlallsg 
from If X 200 
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Fill 1 Full TMung ni'ili g'lrili i 
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low) It varios in profile (Fir 7 ) bb betweeu the man from 
Java with noBc only a little more prominent than that of a 
(lorilla or 5 tli month fetiw to that of tho nqmline nose of 
the Bnunock ehicf Indeed, one can find a f^rent variety of 
noHu form in the udult profile (Fig M) — the aliuoHt fetnl 
noBC of the Auntmlian («); tho Noffro nose (h) the projec- 
tion of whirli IS almost buried in the thick upper lip; the 
Syrian nose (r) shown in the outline of an Anncniun’H 
face , tho various Noidio noses (d - (f), with nose bridK;c rniiR- 
iii" t'lom convex to concave (rf, 9), in depth (/ and ,17), and 



Fia n l*rafllcfl uf fart' of u of liumnn tiobnoH two to five nonthi 

old and a arw bora rhild (From K Pi'trr, 101) ) 


ill the met hod of nuion of nasal septum with upper lip (d 
and /) In the ^loiiKoloid dwarf of hluropoan stock, at the 
exlienie right, the outer nose is slightly developed. 

The problem is what determines these difference's! We 
may test tlie hypothesis that noses are different bceuuse 
thev develop differently in different families under tho in- 
Huence of different developnioiital factors 

II Mkthodb 

Tho opportunity was offered to follow the post natal 
development of the nose in a series of babies from birth to 
three years; by means of measurements taken repeatedly 
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flrhl at foi tiiifthtly, lator monthly and hiiHlly qnurtorly in- 
tervals. Thph(> were taken as part of the Normal Child 



Pio 0 Pull fiifr Mc«i ut u<uir« of ropii KntBlUn of pooplii of 
diffen-Dt rnni of miiikliid ilwulng wlaUon la form. 


Dovelopineiit Study of Columbm TTniversity (Dr. Myrtle B- 
McGmw, Ashoe Director). Also, I have followed dnriiig a 
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period of five to twelve years duration the chaOEes in none 
dmiensions in a number of normally or nearly normally de- 
veloped children in the Orphan Asylum of Brooklyn and at 
Lotchworth Village. Dimensions measured wero height, 
width, depth, salience and depth of nasal bridge at root of 



Fra 7 Isoft, man from Java. NyoaaeB, p. 64. lUfUt| 

Banauck laiUaa Chief. 

nose. The growth curves were plotted for individuals and 
in Rome oases en masse. 

Acknowlodgmont is gratefully made to the cooperation 
of Dr. McOraw, Dr. £. J. iinmphreys of Letohwortb Yillage 
and Dr. W. K. Blair Director of the New York Zoologioal 
Park. 
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Results 

First, I may point out that the hypothesis that the nasal 
form is determined by the eonrso of development is sup- 
ported by the observation that in the case of children with 
unlike noses the course of development is different. This 
IS the case of two boys, E. H. and C. D., whose profiles are 
shown (FiR. 9). Ono notes tho difference in height of nose 
and in depth of nose bridge at root. There is slso a dif- 
ference in depth of nose at apex in favor of E. H Figure 



10 gives the curve of development of the nasal dimensions 
in the two boys from 6 to IR years in ono case and 6 (or 11) 
to 22 years in another. One notes that the nose of 0. D 
which is now lower than that of K. II. has been lower 
from the heKinning of observations and that the bridge of 
the nose at root of C. I) is now shallower than that of E. H. 
and has been so from tho beginning of observations, 8 years 
back; though the growth curves of this dimension are not 
strictly parallel and tho bridge at root of the smaller nose 
seems to have stopped growing at 16 years while the doepor 
nose bridge is still getting deeper at 19 years. 

The forms of these growth curves are of interest. They 
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aiP not stiHiKhl lim-'j over the whole extent In most eases 
^jrowfh of till' unsnl fliiiiensious is iclatively slow at 10 to 
14 years From 14 to 18 yeais the speed of growth is 



Kio P Vrnf)]f>ii vt K H (lift), and C D (rlgbt) 
(C(jurt«^/ of LiUhHorlb Vllligp ) 


much increases]. The beginning of tho period la about the 
time when the growth of the body ne n whole is most accel- 
oralod. But the lugh growth speeil of nasal dimensions 
ijenerally coiiliiiues after the age of the spurt of growth of 


POSTNATAL OROWTU OF EXTERNAL NOSE 


71 


the body as a whole iiNnnlly hlows up However, these 
particular two boys wore both utill iucroasiuff in stature at 
18 years The adnlescont spurt of growth in the botly size 
nffeetb even facial features. 



• T ■ I U U U U U » U IT is II M 11 ■■ yn 

Fia 10 Oarrei of growth of nniwl tllmrohloni In B. Hbdi. a&d 
C iM (Cf Tig B ) 


Figure 11 shows the absolute ebauges lu outbne of the 
facial feature of those two boys from juvcnality to ma- 
turity. The root of the nose has grown much higher iu 
hi. IT.' very little in C D. (These piofilea are centered at 
the subnonale.) 

It is, however, not always true that the relative adult 
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naflal diiDPOHions of a niunber of unrelated pereons are all 
predetermined at birth. Figure 12 indicaten olearl 7 that 
the riito of growth of a dirnenaion is in eomo children rapid, 
in othera slow, bo that their comparative bizob may change 
during development Thua there wuh a time when tho nose 




Fifl 11 Hiuigfii ia nose form daring nleven ^enn of E. H 
(left) ind r, D (right). 

of llun. No, 83 wan higher than that of any of the others on 
the chart, bnt it is lower now than in three of them. It is 
now a low concave nose. Conditions external to the gene 
may have atfocted its growth. Bnt it seema probable that 
in the complex interplay of developmental forces it shall 
come about that tho functioning of now this gene (or gene 
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complex) now that ehall nHuume the npper hand in tho 
piocesa. 

Second, a more oonvincinn fact bearing on the hypothe- 
sis of getuo control of nasal form is its rcseniblanro in 
identical twins (Pig. 13). Such twins show a great reHcni- 
blanco in most somatic and psychic qualities which lends to 

mm 



Fia 19. Curvei of abnolQla growth of njitt] height and naeftl width In 
fire children, to ibow dlvonit^ m the rate i>f derelopmrDt in difforeDt indi 
Tldiuda and at dlCfeioiit agot, 

the conclusion that their development is directed by tho 
same genes, and this conclusion is strongly supported by 
this resemblance in minute details, as of nose form We 
suspect that from the beginning the noses of such twins 
hare undergone an identical development and in so far as 
it has been possible to follow the growth of tho nose of tho 
0 twins (Fig. 14) this is the oaso (Fig. 16) In depth and 
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bahenre tho lucasumiipiits of the twins from 10 to 15 yearb 
are Klontiool. In nasal width there is a i>OBBible diffurence 
at 12 yenis of 1 inni , lu nusnl hcif^ht of 2 mm. f and thus in 
tho nawal imlex of 4 per cent, fn view of the great difficulty 



Fid 13 FrnflUn of a pair of vlmtical twin ffiiU, Angolina 
G ind 31oij G (CooiUo/ of T^otrhworth ViUige ) 


of deicnmnirig tho naiioH (from which nasal height is 
meafinred) oven this bmall dttferenoe may bo illusory. In 
tho ratio of iioBal depth to uaaul height tho diflerence is 
loHS than 2 per cent. 
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Discussion 

Tlie poflt natnl (irrnwth of tho nose ih coiil rolled by one 
or more f^nea whieh, workinR toffother, direct each nose 
alonf; u deflinte path. Tlicao dissLiudar Kunu cornplexea 
show their sjiecifle e/ToctH in tho disHinidiir forms of tho 
11080 ' -a differeneo which w most marked in the cnao of tho 
difTereut huinan racee, Imt which is marked even inside the 
same race, i.c. (here are family differenees The form is 
dotoTiiiiued by the size and form of the nasal lioiies and of 



1 1 • la 11 11 11 i< u u » 



*'io 14 Curvn of gmirth of titIodi atnolulo dlmenaloiK isd rBlltii in 
tho sriiirlli of Aagollnn 0 and Marj fl, idrationl twliu, Him of thou brullior, 
JoMph 0 


(he four large cartilages : lalvrol nasal, soptal and R. and 
Ij alar, 

Tho course of duvolopmont » not for long a straight 
lino. The activity of the primary genie inflnenco may be- 
come weakened au that growth Blows up. A genic imbal- 
ance may become established so that a third factor wluch 
waa more or less iuhibitcfl in early stages comes to play an 
important role. Thus under the iiiBnence of general 
growth-promoting honnoiios at 15 to 17 yearn many nasal 
dimeuflions mako a spurt in their growth as tho bodv as a 
whole does. 
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Tho Boquontiul action of fomi-dcveloping factore of the 
noBO is iiluBtratcd in Fiti;. 15. This diagram indicates 
growth of noHO funn by the oblique line the poHition of 
which is a reHultant of tho factors that detcraiine the rela- 
tion of breadth to height. In the negro the breadth factors 


sequential eotlon of noee-developlDg factors. 



negro noee Ihlte nose 

Fiq Pliif{raiii UlBrtratlDg tfi« hypoUiPvli i>f peqaeollAl artion of noae 
developing fartom In tlia noae of Negroce and Wliirea reapoetlvelj Tbo 
oblique linn are tbo reenltuta of the height faetoiv repreaented In the vsrtJra], 
nnd breadth fartnri In thg borlioataj line. Xn the eaae of tho speelal alto 
fartor an oblique la added to tho ▼ortleal aad horleontal eumponenta, the rc' 
■ultant growth lJur befog the meltiint of all three 

(relative to height factors) are stronger than in the white 
man Still later tho contrast is intensified though the in- 
tensity of tho growth as a whole is rednoed. A new factor, 
promoting size, probably of endocrine origin, now becomes 
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active jointly with the other two, height and bieadth, the 
1 eHiilting direction of none development in now the resultant 
of theae three factoig This ih of course ii mere seheinn, 
doubtless meatly simiilitied 

('oitrluiwn 

The development of the nose ih under the influence of 
itciies, but the aetive jreiies iimy differ at ditfei-eiit ateffPa 
111 oiitoKen> <]UHnlitatively (in fimctionnl output) or tiuali- 
tatively due to the activity of new Irenes like those that de- 
teniiiiie the aetnity of eiidiK’rine I'lands When the total 
fjcnc eoniplex is the same, us in identical twins, (ho result 
IH priielieally identity of nose foiiii. 

LlTFSATl IITl D 

n J H Nv^shiN, lOHO Thr Rari** i>f Jaxa, 122 pp WcltuirrHi'n 




HUMAN TYPOGENY 

aleS HRDLI^KA 

I iirafor l^iMnioii of PhjilrnI Aiithro|»»loKr, T'liilcU 8 tatni Natlniiftl Muhiiiui 
(K.rtJ Jpnl V*J7) 

AKaTRK T 

Olio of Mio btfilr |ihciiouipiiu In himmu morphi>loK\ on «v)ilrli now for the 
flral time an poHlhlc Mini* ^(‘uorulixnUunH, will brloA/ bt‘ deRlt with In thin |hi- 
por It la the i urioua jilu'iimiienun tfmt ileaerren tli« lerm of human 
It eannlati uf Iho fnrl tluil ever/ Inrtft. part of tha hnmjui body niiil probablj 
vviTv larger or^an tenda to derrlop, aalde from rnnny iutunuodiaiL'S, ii number 
of wolMoflnctl ohimotoriatle forma or typea, whirh trod to roeur ui the anme 
rni.‘]Rl ffroup, under like eundlKona, In mmlliir proportluno These typea are 
roaliBeil onK in the form uf the parts, and lm\r but ueondHry relatlniui to 
ilse Thl•^ ure more tliHO mere uscillatiuns uliual the DYeroKe nr extremes df 
the range of aumial vunntLou They appear ai>inewliRt like ao many ninrpbn 
logir aggngatei or *Sr\(rttlllaatloiis'* in tho ranges of Tarlatlon, regardleu 
of (he ou'rugei, modes and extremes of Mjch ruogeN. 

Kmplrical obeervatluoa of some of the results of this prucesa, dating from 
far Imck in anthropnlogr, will be (llsrassed 

Tt u eonelttdled that, altlinugli mueb additioojil work romalni to be done 
Ja this dold, there la 1nYolvt*d erldeoil} a general and olreudy hereditary tend 
•se^ tunard form diffcrunlUUon. 

CiNfc of Ihc major realities in nature with which man is 
still hut vory imperfectly acquainted is his own body It 
may seem tncrodiblo, yet it is true that not a single orKaii 
or part of our body is as vet completely known and under- 
stood: and this applies in even a neater det^ee to our func- 
tions and onr endowments, and above all to the laws that 
uiidei lie and govern everything in the body. 

The main reasons for this are the groat organic as well 
as functional comploiity of our system, and its variability 
with age, sex, individual actuities, admixtures, onviron- 
mental conditions, and hidden inherent causes. The result 
is that the human body, living and even dead, cannot bo 
learned from any individual specimen, nor even from a few 
individuals or bodies, but requires mass studies and long- 
lasting observations Moreover, in man, there enters into 
the matter uls.o tho widespread and influent ial factor of 

riorEZDiNfls op tii* Ajiraii'iv riioAHOpiiirAL societt, 

YOU 78, NO 1, orrovB, 19^7 
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INitholoR} Ami ill luldituui to all tlii>> th(‘ linmuii subject, 
due (o iN Innp: period of deicdopmeiit and life course, is 
unfit for c\|H>nim‘iitntioii , bcHidcs wliicli jiiy exiicnmcntii- 
tioii, e\cii it jiossible, under our reliKioiis \’ic\vs and sciili- 
nieiitnl fceliiijrs ivoiild 1 k‘ frowned upon oi foi bidden Tliei c 
are still niaiiA and jxitciit obstacles to post murtems, dis- 
si-ction, exliiimation , and not sclilom even to collectioii of 
tile skeletal remains of native )M>oples 

\utw itlisfnuding: tlieso diflieiilties, studios on man aro 
pioi'ressiiiK ill e\oi> ei\ib/ed couiitrx , and in more favored 
eentei's, wlieri* tlieie uic liirne collections and other facili- 
ties, thcA are friadiiallv reacliiiiK facts and laws that hith- 
erto were biirelv il ut all HUS|>ocled Some of these, due 
purtieiilarly to work iii eoniiectiuii with our own institu- 
tions, have already bcKUii to show fuirlv the law’s of Krowtli 
111 childhood i evidences of growth of the body and its dif- 
ferent parts during adult life, similnrities in the range of 
vui'iotioii 111 the same dimensinna in ditTeient human groups, 
scimrnte oiitogeiietio life courses of ditfereuf features and 
organs; tiindamental tihysiologieal similanties in wide- 
apiirl groups of whites, Amenean abouginus, and other 
iiices, and in otliei directions 

I'liysical anthropology thus, throiigli intensive studies 
on large living matciiuls and human rcmaiiis, is determin- 
ing the full ranges of conditions, with llieir separate life 
eonrses, and liegiuiiiiig to touch the basic )irucessea and 
laws of the liiimuii orgaiusm All of this opciia a vast field 
ot future eiidcavoiH, which are bound sooner or later to be 
not merelv of acadcniic iiiterest but also of substantial 
hiimuii utility 

thie of the basic )iheuomeiia in human murphologv on 
which now for the first time are possible some generaliza- 
tions, will briefly lie dealt with in this paper Tt is the 
curious phenonienoii that deaervos tlie term of liumaii tvpo- 
geny. It consists of the fact that every large part of the 
hiimnii body and jirobablj every larger organ toiuls to de- 
\elo]i, aside from many intermediates, n number of well- 
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(loKiicd cbaracfciiHlic iorms oi vliicli ti'iid tn ii‘pui 

111 tlic HRIUL> Tfii'ial KToitp, iiuder ]iko cimditiniiF., in siniilin 
proporhoiiH. Tlicht* ait* realiiwd oiih in llii* I'urm nt 

the pnrts, and have lint HPPondary rpliiliniiis to ••izi* Thl*^ 
nri* moTC* tliHii mt'i’i* uKpilIulioiih ahotil tin* um'Iukc or pt- 
tiemph of tlip rniiKP ot normiil varintioii Tlipv u)it)Our 
hompwhat like so many TnorplioliiKir aKKroftates or ■‘(t>kI.i 1- 
lizntiuiiH’’ 111 the raiiKPM of vurintion, rpRardless of the 
aiPTHKt'H, motlt'K und extrenira of hik'Ii niiigot' 

klverv known meusincoieiil on tlie Iiiimaii liodv and 
pvprv rolutive dimonHion or index, il Heeiirod on an iide- 
ipuile numlipi of iiidi\ uIiiiiIk of tlio aamp sex, UKP-iierioil, 
and lupo, a trpqiienpv distnlmlion winch, wlicn prop- 
el Iv repn>iipnt<‘d Kraphieolly, nhowi an upproiuli to ii regu- 
lar tretiiioncy cunc But when we take a Bimilurlv lariri* 
numhpr of obsorvutioiis on the slmpi* or lorm of n pint, 
tli(“.o obKor\atioiiH, even if rediiced to nntnoncnl valnea, do 
not all ^ivp n aiii^'k* cuive but rather a polij^on coiiHiMtiiift 
of tliroe to HoiPii oonnectiiiK ciiiies or \\aec« or liill«. llu* 
BummitH of w’liicli roKardlPhx ot their lieiiditM remain al 
way>< well opart fiom each other 'I'lierc o. in mirh cii>ie' 
no more ii biiikIc curve, bnt a rhniii with so mum coniipcted 
den'otiCN or n^ttrcKationH Wo arc confronted thercloie 
not Hiiimoie by the sim])ler phenomenon ot vanahilitx , but 
hy one of a teiidencv at n ditTerenttiition iiitliin tlinl I'an^e 
into several distinct forms, or n 

Kmiiiriciil observiilioiis of some ot the results iil tins 
prwess, ■without efforts at or possibiliti of iiiidcrslandinK 
their meaniiiK, date from far back in iintbropolo;;! Tliex 
extended in a measure In ty|ies of the bu<1\ us n whole, but 
principally to the sliupi's of the beuil nr skull, of the face, 
and of tlio nose 

Since the time ot (luleii, and piolmlih before, there were 
iccogniseed more or less hazily soverul “temis-riiinents,” or 
as they came to lie called Inter, “eonstitiilions," which 
rocaat so many distinct tvpcs of the human hodi The 
matter of these Ivjies is extiemely eomplex. involves mor- 
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phnlof;y, pL>Molog^ Hiid even patholu|(>, und though it bna 
received n great deal of attention vnthiii tlie last three 
decades it la still far from ivell defined or understood. 
There is no question about the tendency toward a reenr- 
reucc of seieral such genoral body iy]>es, but this is largely 
true, it seems, onlv in the white race, is greatly complicated 
through ago, and is freipiently connected with and altered 
by distiirbances of glands of internal secretion. Jnst what 
the reMiduum of normol bodily types may be is as yet 
iinrertaiji 

■Since the nineties of the last century there has also 
groAvn in anthropology an appreciation of two other, anil 
m this case entirely normal and fairly universal, types of 
the budv, the brachymotph and the doUchomorph In the 
first of these typos the general tendency m the body and 
its parts is to relative shortness and broadness, in the 
second to relative length and narrowness. In the first tvpe 
the head, face, neck, trunk, limbs, hands and feet are oil 
relatively short, brood and inclined to stockiness; in the 
second typo they are relatively lung, narrow and mclincd 
to slenderness The first tyiie is more frequent among 
markedly brnchycepbalic, tho second omong markedly doli- 
chocephalic populations, but in a pronunneed form both are 
rather rare, and there arc many intermediate conditions 
While well known to anthropology these two types have not 
yet received an comprehensive attention as they require. 
It IS possible that an intermediate or mesomorph typo will 
deeoivo to ho established. 

Daring tlio earlier parts of tho present century Bohert 
Bennett Bean, more esfiecially, called attention to still 
other body types, based principally on the differing relative 
proportions of the trunk and tho lower limbs. There are 
bodies with relatively long trunk and' short legs, others with 
relatively short trunk and long legs, and still others with 
relatively medium proporbons m both tmnk and legs ; either 
may be of phylogenetic or ontogenetic causation, and the 
marked cases m each are accompanied by differences in 
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othei parts and structnroB. Regrettably, though the main 
facts are substantial enough, the subject thus far was found 
to be too involved for any clear and definite conolnBions. 

H’hcre are still other types of bodies, of racial charaeteT 
The predominant male and especially female bodies of the 
White, the Mongoloid (including the Eskimo and the Amer- 
ican Indian), and the Negro and Negrito, differ markedly 
in the shape of the neck, trunk and lower limbs, though nil 
the types may oi-casionally be found in members of any of 
these races. 

Thus there are several clauses of types of the body as 
a whole, namely the normal “constitutional” or basically 
physiological; the general morphogcnic, with its two ex- 
tremes of brachy- and doliohomorphy , the compensatory, 
manifested prmcipally in varied relative proportions of the 
trunk and limbs; and the racial 

Let us now proceed to the separate body constituents 

Different shapes of the head and skull, of the face, the 
forehead, the nose, lips, and chin, had been noticed prob- 
ably since the time when man began to observe. They 
received attention particularly by the artists, from the first 
decade of the nineteenth oentnry also by the phrenologists, 
and since 1842, or nearly one hnndred years ago, when 
Anders Retains called attention to doheho- and brnchyce- 
phnly, by the professional anthropologists. In tho eighties 
and ninotios and for a time thereafter the subject received 
eonsiderahle attention by the Lombroso school in criminol- 
ogy and especially by Giuseppe Sergi in racial studies. 
Sergi studied in particular the shapes of the skull as viewed 
from above, regardless of its relative dimensions, and m 
time reached a detailed classification of these shapes, with- 
out seriously attempting to solve their meaning or genesis. 

Sergi recognized five main shape-types of the skull and 
head, and each of these types prosontod, in his view, several 
inbvarietioB. Later Sergi left out one of these, the ' ' trape- 
zoid,” and on the rest expressed himself thus - * “Through- 

> JfwNiMTdilfaii Saif, LobAo^ 1901, pp 2£0-7 
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otit t)iiH imnieiiM* (Mediterritiietiii) utock, From tlio <‘qua(or 
III Afnt'a to llif Arrhr wrclr iii Hruiirliniiviii, w Jm\e found 
I'oiir rlmruotcuHtic uiul roiiKtaiit rnimiil forms, iilwnyH found 
to^rlhui 111 ovm rof^iuu and in ovory rlimc, with wlialrvor 
^ll^lntI(lll^ in oxIloiiuI rlmrarterH, thosr uth tiu' i>cnta({niial 
( thMiluK'inouli's), ollipHuidnl (Kllipnoiilps), ovoid (Ovoidos), 
iiiiii tin* Hrrow-slm|K*d (Brioidos) Thesr tour fotruH rep- 
msfiit four rrunial vani-tiPH, <‘Ufli with n Honcs of varia- 
tions wliirh constiliito siib-varirtios or sul>-forni,s, corre- 
HpoiuliiiK III the Ivpp to whirli tlR*\ lioliiug, iiud which an* 
ilislributcd iii ditTcrciit jnoportioiis in the Rroiips of impii- 
lulioiiM ” 

NotwilhstaiidiiiK SoiKi’’* inIciiHivi* uttoiitioii to the hiiIi 
joct, hut little proRiesH was made in uiiderMtniidinii: its 
si^iiifioaiicc, and even the clnaHillrnliou, jiiiillv liecauHO of 
secondury details and iiomeuelatiirc, pnrilv perhapo beraiisn 
Hie time was not iipe, has not found a reKuIni place in 
anthrojiQinetrie and erniiioscopie procedures ' 

Serf(i attemiiled also to clasmfv tlio Forms ot the faeo 
111 the living, lie recognized in the Mediterraneans also 
tour mam ttpes, iiameU the ellipsoid, ovoid, triaiigulaT, 
nnd the parallelogninintie These in 1916 weio lucrenseil 
hv Pix'h to 10 ,' the dilTeieiiees lietweeii somo of ivliiell were 
HO small that the scheme became impiaetirable and was not 
followed Here too the efforU were largely limited to reg- 
iHtratioii of the types and the freipiency ol their o<'oiirrenee 
111 some liiimaii groups, without mueh inquiry as to tlioir 
meaning and caiisatioii 

So tar as the iiulividnul parts of the fnee arc roneoriied, 
their fonns or (vjieM w'cre largely shown already in 1864 , 
b\ Brw'ii They ure presentwl effis'tively b\ To])iiinu] iii 
188 . 5 ,' and smee then are gi\eii more or less iule<]uulelv in 
all the texlhooks on unthropologx" or aiithropometrv Thev 
need not lx* enumerated in this place The typos of tliu 
dorsal border of the nose were found to lx? partleularly well 

> rnmp Martin ffl ), I^olirliueh, vtr , Snil wl , IB2H, jip HfrT-H 
s(J(\cD nho ib Maitin, p 220 
•) tl anthropo!fj[/ii' 8o, 
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dpHtietl, uiiil tlifiHO of tliu pvoM, lion*, lijis, nuiliiis, i-lnii, itinl 
oarM wore Icann'il to liavc iiitoifMtiiiK iiiriiil (]istril>utioii 
und |)(>riiliar]tii‘'i 

111 1H07 I to wiirk on the hIiphiI' leMiiertulih' 

lluntiiiu^oii foltpftuiii of ItoiK'K of thi* nki’It'fon iii (In' old 
(*ollr/ti* of I’hyHiciaiiM and Sui(t<‘Oii>*i New York t'ltv Ifp 
to that tiliu' — iiiifl 111 laet to IhiM «ln\- -such hones me de- 
HciilM'd III the iinidoinical tevfhooks ns it tliev each pie- 
seiiled Imt a simile l\]>e Tins vei\ soon I found to 1 k' 
nioiieouH Hefoie iimii\ months jjasseil it wiim Heeii that 
all (he loiiff hones hikI most of the laifier pnrtH of the akele 
ton proseiitiMl eneh a iiuiiib<‘r of noi inal tv)ieK, aoiiio of 
which weie vei\ iiiuikedly dilTeient from otheis In the 
lonir bonoa theae tijies neic liimti'd liirfiely to the aliiift, in 
the senpiila, Mtcrnuiu, lliat iih, and the sacrum, thev iii- 
voIvihI parts to all of tlie bone As atudies piourpHseil the 
differoiit typea w«‘re seen to have dilTerinn iiieideiict* in the 
\HiioUH racial xroupH repieseiiled in the collection, and 
tlioru soorawl to aptK-ai some ouMipatioiial conelntioiis ' 
Thoie could be found no foiniei lecoids of such Ihidimis, 
and so in ISJIM and iiKnin in 1!)IH) and l!)l)l, the\ were 
hroii^ht to the alleiition of the AsHociation of Ameiieiin 
AiiatoiniNla 

Since then the auhject hns lle^el lost in interest to me 
iiud liiiN Iieen followed not only on the much iicliei eeentual 
lIuiitiiiKtoii collection, which since hiis passed into iiiv cine 
in WashiiiKtoii, Init also on extensive Indian, Kskinin and 
other skeletal mateiinls of my division in the T S Nntional 
Museum The results me still largely iiiipiihhshed, hut 
tmitial iieeiiinits have tippeaied in sevenil of niv reports 
Thei snhstuntiate and extend the eiirliei findings, and thev 
Imve ktl to the rix-ognilion that we me eoiifionlod heiHi with 
a senes of I elated pheiioiiieiiu iii hniiimi ili‘velo])ineiits and 
diffurunliation that hiivo a bioiid eoniiiinn basis and that 
deserve to bo grouped together under the genernl term of 

< Then* rpiurjs un inoit »f tlie front whlih (he ntlhition pro 

roilH to natlonBlitr, m-T «go, occii|i«(lo&, nml rHUW. of ilmlli 
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“human tjpoRenj.” The qualifying “human’’ ia neccs- 
bary, for yhile thorr nio indicatioiifi that tho phenoiupnoii 
of typogony ih also in ovideuce more or loss in other living 
forms, our knowledge about these, in this rospert, is still 
rudimentary. 

After tho foregoing remarks we may now approach the 
facts, as suen at this moment A final elucidation of the 
phenomena involved, however, is not yet possible. 

SiiAPES OF THE Head 

There are three more or less related yet distinct cate- 
gories of these shapes or types. 

Tho first of these is dne to simple Mechanical causes 
The skull has three main dimensions, namelv length, 
breadth and height. Those diinonHions daring growth 
stand together in oonipensolory relation, so that a material 
cliango in any one affects tho two others Under average 
circumstances, m an\ haman group, the hereditarily con- 
ditioned mechaiiieul infiuenees that act on tho skull resnlt m 
the development of a vault of close to the average relative 
proportions for that gioup But if these inochouical infln- 
ences functionally, incidentally, or even artLScially be al- 
tered, tho shape of the skull will be altered. If a greater 
pressnro during the developmental period is brought to 
bear on the sides of tho skull, tho vault will grow narrower 
and therefore longer and higher ; if there be less bilateral 
pressure, or more pressure on the back, the vault will grow 
broader and shorter, the height being less affected. In 
arlificial defunnations and in result of premature occlu- 
sion of one or another of tho cranial antures, the compen- 
sator}' developments lead to grotesque forms. Exclnding 
all the artificial and the more or less pathological condi- 
tions, there still remains horo a class of pnrely ontogenetic, 
yet not hereditary', differences in head form which differ 
etiologically and thus are apart from others, even though 
they cannot he clearly recognized and separated in practice. 
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The tPciHid clnt>H of akoll sliapOR or typen is iiiueli like 
the preceding, but the forms are hereditary The inoxt 
\ndely known of those forms are those that depend 
on ratios of the breadth and length of the vault and 
are expressed by the so-called repbslie or cranial index 
There are individual normal human skulls in which this 

, /breadth X 1()()\ , ,, , . , 

index I — others in which it 

rises to well over 90, and there appears to be a fairly fixed 
intermediary condition. In any single limited racial group 
the range of these shapes behaves as n simplu dimension, 
givmg a regular curve from (he iinmmnm in the group to 
the maximum. It is only when large races or liumamty as 
a whole are token that the picture approaches a curve with 
60 many nodes or that of genuine tj'pogeny 

However, the lelativo ratios of the breadth and length 
of the vault are only a part of the picture in this class of 
form differences The height of the vault plnys also a role, 
and that not iiieroly in compensation with the breadth and 
length This adds some complexity to the case Thns, 
there are typi’s of skull and head that average, in given 
groups, broad, short, and low; or broad, short, medium 
high ; or broad, short, high. Others are narrow, long, me- 
dium; or narrow, long, high; while still others aro medium, 
medium, medium; or medium, medium, low; or mi>diuui, 
medium, high; and there are still other combinations. The 
fundamental feature of all the types of this class is that 
they, with their individual oscillations, aro hereditary. 

The third class of skull shapes shows typoffeny most 
clearly. It includes the types of tlie contours of the vault, 
moro particularly those tliat appear when the vault is 
viewed from above. It is these types to which Bergi de- 
voted BO much attention. There are, as now seen, four 
mom types, each with several variants and numerous inter- 


connections. They ore the pentagonal, the ovoid, the ellip- 
tic, and the spheroidal Except the last, oli may be long, 
medium, or short. They show considerable individual dif- 
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fei oiKH'H of fi i‘<|ueiic\ in ttiiToi(-iit ■ aci-s uud groups Tlioy 
arc ns'ioiitialh lioipclitaix Their loproNentahoii w uchest 
III the white uiid the ^ollim-hiiraii lacen, uutl liiiiitpci in the 
iirirni Their laiijr*' fornix no rurre or line with u mini 
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Ilium, mean, and iiiuximuni, hut iiithcr o iiiiK with ho many 
intureoiinecteil iiudeH or ilitToitMitiutinns. The various 
Hhapes nro inoie ui leas cuuuoetcd with oi influoiieed by the 
relaliM' pioportioiis of the vault and henec with types of 
('lass 2, but tbo\ iiio also more oi less indepeinleiil of these. 
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In their optiiiuiiii di-M'lopiiient then nte veiy Mtrikiii^ aiul 
very eleflnilely (ijiiiil fioiii each t)lhci They ehuiactci- 
ihlically reprctieiit the i)iocohh of liunmii t^^lo^!:L‘lly Thcr 
have family, k>'<>u|), and racial values 

TiTEs or Pm E 

The face prosijnlH a number of coiiluur t\pes both 
frontally and in profile Theae typea uie coiinei'ted with 
the dimciisiuiiH of the bony parts and larfrelv also uitli sex 
and eNpeciully ufrci but tbei have also iiioie or leas of jiidi- 
viduality and fall within the scope of human tvimircny 

The main frontal facial types, in adults and before 
senility has set iii, are the elliptical, (he ovoid, the paral- 
lelojfraiiiatie (parallel sides, with e\enlv luuiicled top and 
base) , the rounded or sphei’oid, to which may pci haps la* 
added the tnanpular (ta|K>rinK toward n poiiiteil ehin) ; 
and the uiiffalar (unirles of lower jaw iiroiiiiiient) ; but theae 
last two depend laixeh on the size and fonn of the lower 
juw. 

The facial types, like those of Uie \iiult, are osiK'eiallv 
represented in the white and the yellow-browui ruecs, iiiueli 
less so in the neKroul jK'oples While iiiueli affeeted by 
ontofreiietio conditions they are substantiallv hereilitary, 
and they fall within the exiireshioiiH of huiiiaii typopcny. 

The Xose 

The lidfre of the nose piesciits in the adult several dis- 
tinct shuiies which are anioiiK the bi’st iimiiifestatioiis of 
human type formation. These shapes are the concave, the 
straight, the wavy (or coiicavo-eoiivex), and the convex (or 
Bcjuiline) As in all other ciihch these foinis, except the 
straight, occur in vai lous degi'ees and interconnect with 
eiieh other, but when well developed they are charaetonstic 
and stand well apart The concave form (as the pentago- 
nal in the vault) is eoiiiieeterl direi-tly with the infantile 
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The Cunr 

Tliere uru three Ivpes of the cluii — Ihe pinnted, the 
rounded, and the equnve. They are not merely llie produe- 
tiona of muaculanty or of iriaRRivenesB of the bone, hut uie 
in the mam hereditary and connect with banian typoReny 

Bouy Pabtb. This Skeuito!! 

The neck, the thorax, the breantH, the liiiiihnr re^on, the 
pelvis, the genitals, the buttocks, thiRbs, calves, iinf^ers and 
toes, all present more or less well defined dilTerent Rhupcs, 
expressions of hnniun typngeny But some of the clearest 
exampIoR of this phenomenon nro encountered in various 
parts of the skeleton. Some details on the latter, based on 
extouRivc original obsarvationR, follow 

Tice FinsT Hin 

The first rib, while the shortcBt of the fixed nhs, has 
more individuality than any other of the series. It pre- 
Routs three normal interconnecting types, iiainulv the uni- 
fnrinlr curved or semilunar, tho near straight-lMMlicd or 
piwtol-shaped ; and the angular or trisogmentnl. 

The Stfrjjvm 

Tho types of the human Hternum are not jot definitely 
classified, bnt several are fairly oulstuuding. There is 
what may bo called the blunt cruciform typo, a nicely 
sculpted form with a moderate narrowing below the iiianii- 
briuni followed by gradual broadening toward the lower 
end. There are tlic chimpanzoid and tho orangoid stoma; 
the first long, narrow, with nearly straight parallel sides ; 
the second brood, with manubrium mostly attached and 
body, (hough broad above, enlarging moderately further 
toward the lower end. There is also the wedge sternum, 
broad above and tapering like a wedge downward; and 
there may be still another type. 
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Tufc Sfu-i I, I 

TliP body ul‘ thi* Hciipnlii jtiooiHs Hiii'o iiimn t>'pea. 
ThoHe Hit* detprinninl bv flit* shiifw* nt flip vpi'tchrul Imrdfir 
of fhp bonp Tbm lioidpr iiiuv he* poiipiim*, struiKbt, or con- 
vex Thi'sp (jpPH 111 II niPiiHurcf ropiphoiit tlio iiuniiiiuiii, 
iiipdiuiii Hiid iimxiiiiutii dovelopnii-iit of the vortpbral 
boidor, and tbun behave bin* a Hiiiiplu diiiienHion nr quan- 
lity, but they rIho occur ^'iietirully in bones of vai lous 
diiiicnsioiiH, and to fhul evtoiit tall within tin* scope* of hu- 
nmn lyiiojccnv 

Fii iiddition (lie iiifprioi anRlp with tlic lower portion of 
(lie HXilliiry border, llic Huprospinouh ]mrt of the axillary 
iKirdcr, niul pspi'ciullj the superior liordpi of the bone, tend 
eaoh to assuiiie several shapes winch modify the aspect of 
the whole scapula The greatest vni lety of these shapes 
IS seen to the supei lor boidei, and some of these are clearly 
of licieditury eliurueter and lienee of anthropolopcal value. 
This border may be practically horizontal, or of any slope 
from slight to steep, or nicely cutved, oi again character- 
isticall> angular, like a cioss-cut of a square basin T}’po- 
geuy IS clearly invohed in these couueetiuiis 

Tilt. Sicin'M 

Typogeiiy in the sacruin is paitly obscured by the 
marked sexual ditfercnces lU the bone; nevertheless there 
me instances in winch it is quite evident. 

The main vuiiaiit is the relatively long and narrow 
luilliropoid-like sacrum, but there is also a broad and shoi’t 
saeruni that is outside of the bounds of mcio sex vuiiatloii. 
And there are saera that anteriorly, from above dowuwurd, 
are practically straight, while utlieis show from slight to 
proiionnced curvatures, but in thesi* eases it is difficult to 
separate ontogenetic and even Heniipathological from he- 
reditary conditions and it is nut easily deteriiiinnble there- 
fore what muj la* of true tjpogenctie causation. 
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Tub Loxa Bomu 

In the ehafta of these bones, espeoially the hamerus, 
ulna, feninr, tibia and flbnla, typogeny is marked and re- 
ceive my partionlar attention. It begins to manifest itself 
before birth bnt does not reach fnll expression until well in 
adnlt life. The resnlts in the tibia and the flbnla are very 
striking. The various types con best be seen on sections of 
the shafts at the middle of the bone. Such sections in somo 
oases show snoh differences that, when viewed by them- 
selves, it is difflonlt to believe they oome from the same 
bones of the skeleton. They present marked gronp and 
racial difiFerenoes. One of the t}rpee in each bone connects 
with the general fetal form of tiie same in its particular 
ethnic aggregate. Some of the typos are influenced and 
perhaps even brought about ontogenetically, but the ma- 
jority are tme expressionB of hereditary hnroan typogeny. 

In the humenu the main types are the cylindrical (juve- 
nile form), the triangular, two (opposite) lateral prismatic, 
and the quadrilateral. 

In the ulna there is the prismatic form, the lateral pris- 
matic, and the fluted (anterior surface hollowed out) ; this 
lost being probably of ontogenetic origin. 

The femur may be cylindrical (juvenile form), elliptic, 
prismatic, or plano-convex, with some tendency in coses 
toward quadrilateral (anterior surfaco divided into two by 
a vertical ridge prooceduig from above). 

The types of the shaft of the tibia are the prismatic, the 
lateral prismatic (semi-lozenge), the fluted (antero-extemal 
surface hollowed out), the quadrilateral (posterior surface 
divided by a marked vertical ridge into two), and the goril- 
loid (shaft almost plano-convex, anterior border stout and 
very dull). There is also the pear-shaped form, in which 
the posterior surface is convex with the postero-eztemal 
border very feebly developed, but this is probably a sub- 
developed shaft of ontogenetic causation. 

The fibula Is the most variable. Its adult shaft pre- 
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Honts the following types ■ prisniatie ; quadrilateral ; pen- 
tagonal ; and several deeply Anted varieties (either one sur- 
faee, or two, or all three surfBees^ hollowed out), 

Otukr SaRUtTAL Partb 

Sonic typogenctic iiiniiifestatioiis are also observable in 
the elavirle, the atlas, the pelvic bones, the radius, the pa- 
tella, the ealoaiieuH; hut the rcsulls aro seldom sufliciently 
clear cut and hence aro difficult of classification. 

Brain and Tntrrnal Groans 

Form ditTcrcnces certainly exist lu all those, but duo to 
many difficulties it is wholly uncertain as yet how far these 
variations aio hereditaiy and may lio duo to tho process of 
lypogeny. 

Discussion 

The objoet of this conuniinication is to call attention to 
as yet but imperfectly known although plainly a potent fac- 
tor in humau morphogeny, a factor that, mainly on heredi- 
tary basis, tends toward the production, in dilTerent parts 
of the body and skcloton, of forms or types whieh aro dif- 
ferent from, and more than mere grades of, any ono con- 
dition. 

Tho production of thoso types must be connected with 
differences in innervation, and of musculature where such 
exists, but there aro very substantial indications that it is 
not duo to mere accidental conditions m these, nor to their 
ordinary variability. Tliere is involved evidently a gen- 
eral and already horoditary tendency toward form differ- 
entiation, which deserves to be called human typogeny. 

That this tendency is hereditary is shown by the fact 
that, according to accumulating data on tho subject, tho 
proportion of the different types of any part in any ono 
racial group remains fairly constant, bnt that this propor- 
tion differs materially between nnrclated groups or races. 
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Tho biological signifloance of those typogGnetlo variants 
van only be an increase, to tho limits of pOBsibilitiea under 
given conditions, in inorphologloal diversity — which facili- 
tates groap and racial differentiation. 

Mnch additional work remains to be dono in this field. 
Thu factual evidence is still far from fnlly detormined on 
many parts of tho body; the segregation of the results of 
typogeny alone from those that appear related bnt are due 
to other causes, is as yet nowfaere-near exact nr complotc ; 
the presence and workings of the factor of typogeny in 
mammals other than man and in other forms of organisms, 
is to be ascertained; the direct ways and means by which 
the diverse types are produced are still miknnwn; tho racial 
distribution of the various typos is still known bnt very 
uiadcquately; and the deep causation as well as tho foil 
meaning of tho phenomenon will need much further work 
and thought. The presout effort must of necessity bo lim- 
ited to tho calling of attention to this evidently generalized, 
and thns far but very imperfectly realized, typogenotic 
tendency in the huiiiiin body and its constitnunts. 
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A MEXICAN PUZZLE (YUCCA HOWARD SMITHir) 

WILLIAM TRELEA8E 

Profemir Knit^ritiu at Botio;, I'nlrmily at IlIlnuiR 
(Hmd by titta It, 1117) 

Aetiurr 

Ad DUonat of thii moif ploDtod treo yocri of Moxioo nty iBd the WaiteiD 
rordiUon, alth rlutorod trunks onk pcintod, florlj (ooLhod IcovfD, hanyiny 
iiifloraDocnni and orroBloiiDl flcohy fniit, — ohirh hfii not boon IdentiBed with 
any idtaiiutol/ doarrlbed opooln 

In January of tins yoar, ProfcsBor Howard L. Smith, 
of the UniverHity of WiBooimm Law Vaonlly, aakcd my 
opinion on a trec-Yiirra cultivnlod at the fumed Horda 
Garden in Cuemarnra, wliere we wero puRuinff the winter. 
Profeauor Smith haa taken an interest in Uic Yuc-caa for 
many yeura, and luu attention was ealled to theno treoa 
liocaune the paniele, instead of being orert or continnmg 
the direction of the leafy axis, was gracefully pt>ndeul, as 
it ia m a few other ^Mexican apeeica. Though the flowers 
had passed when we looked at the trees, the infloTeseonce- 
remnants were still present and unquestionably reflexed 
from the ends of the branches. 

The same species is planted more or loss commonly in 
and around (luernavaca either in hedgo-rows or within 
patios and other gardens, and it is represented by fine old 
speoimens here and there in tbo Alameda and Cbapultepec 
Pork of Mexico City — where it has been used somewhat 
extoDsivcly in the newer boulevard plantings 

Though differing considerably in stoutness of trunk 
and branches, this is one of the trees characteristically pro- 
dneing several trunks from a common base; its leaves are 
rather flexible, only slightly pungent at end, and minutely 
denticulate on the margin. 

Those patent featnros diiforenliate it, even supcrflclally, 
from all other recognized cogoners except the little-known 

nomDiKQS ay tbd ausw^is rBiMMnrsirii. tocizrr, 
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rucra yitealaaa and the much eiiltivalcd Yvcca elephanUpvs 
(or guatvmah'nsit) Neither of thuee has prudent poJiiclea 
and tliu former tma downy dowcr-eluHter!) while the latter 
charHctoriNtically han n siufcle etout trunk noiially RTcatly 
dilated near the ground Though they flower freely, the 
apociea of tine group, an commonly known, are out of the 
geographic range of Pronuba and bear only an occBeionnl 
fruit obriouHly due to Holf-pollination and, of eourne, lack- 
ing the deformitieH enuHod by the moth in ovlpoRitioii, and 
without larvs in the Hceda. Such fruits as are formed are 
of the baccate type with ycllowish-whitc flesh and a papory 
core surrounding the thick ruminated seeds 

These characters mark this Yucca as of the group 
Sarcoyiicea, in which T have been able to recognize only 
(wo species with merely dentieuluto and not flliferoua 
leaves: Yiu<a aloifoha, with freely prodneed eoreless pur- 
ple-fleshed fruit; and Yurca o«a/c»iofe»i'in, with sparingly 
produced, whitish-fleshod frnil with n core 

On these very o\ident ditforontials, Yucca Koveard- 
Smtlhn n definitely excluded from Y. aloifoha, but differa 
from Y. rlrphavlipcsi only in its multiple trunk and, espe- 
ciallv, in its hanging inflorescence — ^tliu feature that par- 
ticularly attracted Professor Smith’s attention. 

It IS quite possible that one or more of the garden-names 
now referred to Y rlephaniipvs may Lave been intended for 
this tree, but if so I find it impossiblo now to say which 
may have been so applied, or to find an adequate published 
description of it 

A more puzzling possibility however exists, that some 
one of the muny names collected under ritcco aloifoha may 
belong to Smith's Yucca, notwithstanding the certainty (hat 
the latter is liy no possibiLty really an aloifoha form Of 
these questionable names, Yucca conupicua of Haworth, 
placed under aloifoha by Riigolmann, may prove ulti- 
mately to pertain to tins species, but in the absence of 
definite information that it has coreless pale-fleshed fruit 
and pendent panicles, this reasonable supposition must bo 
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regarded as unproven, though (’ucmavwa speeuiiens col- 
lected by Bourgeau have been so-referred 

Perhaps the mosl Hur]>riHiiig thing about Smith’s Yucca 
IB that thuH-far no chin has been obtained as tu lin exact 
nativity. Mexican gardeners commonly know it by (lie 
generic nativo name “izote,” but I have failed to find a 
person who can tell mo that ho has seen this purliculiir kind 
of isHjlo growing in a state of nature — winch, so far ns my 
own knowledge goes, is equally true of Y rlcphantipen 
Twhnicnlly, Vurra Uoward-S mithn, u sp., iiiiiy bo cliur- 
uetcrized us follows 

A small tree some 5-7 m tall, branching from the 
base , leaves rather flexible but not reciii'V’ing, dagger- 
shaped, 3 or 4 X some 50 cm , nt most slightly pungent, 
the mm gin roughened by small promineuccs , panicles 
very short-.stnlked, bniigiiig from tlie ends of the leafy 
brunches, oblong, nearly glabrous; Dowors Rome C cm 
in diameiei ; ovary hOBsile, with verv short style, fnut 
pendent, fleshy, oblong, annie 3x19 em. with yellow- 
wlttte pulj) and papery core about Iho thiek runminted 
black seeds. 

Typo locality and geographic riingo unknown, but 
freqiiculty cultivated in and uliout Ouoruavaea, More- 
los, and in Mexico City, luid probably native to the 
middle altitudes of the Centrol CondiUera of Mexico 

Closely related to Y clrp?iaiitipe.i and Y i/iualaiia, 
which have o\oid ereet panicles; and appareiitlv to 
Y drartmiH and Y. fotispict4a of gardens, which have 
brooder and softer recurving loaves. 
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RACE A FACTOR IN HUMAN METABOLISM 

FRANCIS O. BENEDICT 

Dimtor Nutrltirn Lnboratory, OarDOfle luhtoDon of WAsbiogtou, ]HU7'1U37 
(EMd April ISS7) 

ABflTIACT 

i NurvL^ of tlw Ittno] iniiuboliion of nymrrntia rarra of humanH Iiqm brrn 
made In the put ten yiai» by tho Nutrltlun l^aborntor/ nod lU TunooR rol 
lubuntom, nrltU empbuRli upon (>hini>ee (both tlioHO born In t)io Unitod Btatci 
and thoie in China], South (ndiau Homcn, Uayn Indinni In YuprUd, and 
ram lo IIuwajI l^ii> paimr niD]mar]ii*ii the hnilingn* vith apefUl 
reforcnro tn Iwo nfont ntudlin nn Olitneiic, thu oUcrvationa of Profeoaor Leelle 
U Klllmrn in Ru'chwon and the 4 wor rrsearcb of Dnui Rtanluy 1> Wllium 
tif YcnrhJng Unnentltj lo I'elplng, China Ah Lhn Nutrltutn Ijibontory'i 
Murirj naa batfU u|>on the ose of a vlngle tirholque, onrrliMl out by well 
trnlnml invogUgfitori, the raenlta urc atriHly roiiipArabU* Eien wliio allow 
nnroa arp marie fur diflirenroa In Icmperomint (Oritntal plarldlty verna Oe- 
iideiital IcnMOiou) und for iBoxpprii.Bce in HorriDg na nblocti of metaboliem 
ineMQremonte, it if rlenrJy oiionii that Orifola) rum la geiarNi have a metab- 
olltm oomewhat Inwor than tlinf of I'auraalnna in tho Unltod SUtee The 
Booth ladUn wonu>D In MAdran liavc n >erj low inetnlNtllam (17 per cent Im* 
low the CaurnilAo predicUon BUndarda'), and tliia In furtlier depreeaod abont 
10 per eeoC dorlog deep oleep Beeeiirrbea from oilier laboroUiriee have glren 
varjlTtg ronlte. Tn itrlklng contruti to the low motabolinn of the mn^rlty 
of tho Oriental roeei li tlK* lilgli milnboluim of thi Maya, eRUhliiliiHl in three 
etpedlHoni to Ynmtnn Thr IndlanB In Cliilp liavo likewlRn been found by 
Dr Fi Sutler to hare a high xnetnboijniL Twenty four Mian nialea in Sievh 
wan, China, hare been demonetrated by Dr Kilborn to bare a metabollnn 16 
per eenl above the Chucaolan predlcUon aUndarde, aeeompanted by a low 
pnlee rate of 65 beats par minntu To tho well known faeton affecting banl 
metabolliin -weight, height, nge, and aei muat now be added a fifth fnetor, 
race, 

For many vearH phyHioloi^iBtB were donunattid by the 
thought that tho heat production of oFory warm-blooded 
animal is controlled by the surface area and that for each 
square meter of surface area tho heat lost from the body 
amounts to 1000 calories per 24 hours. When this law was 
first enunciated by Kubner,' half a century ago, no recog- 
nition was given to the possibility that there might be dif- 
ferences in the heat production per square meter of surface 

> BliWr, U., ZeUtakr f. BM., 18N, p US. 

nOOItDDKM or nu AKUIOIK PRIUWOrHIClL bo<-ictt, 
voi.. 7M, so 1, oeroBm, 1937 
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area causod, for example, by differences in sox, an:e, and 
race Rubnor apparently bebevod that affe played no role, 
for ho applied his law to younft infants. The racial factor 
hkcwiso was ignorod, for Hubiior's dogs (the nieasure- 
iTients on whieh formed the basis of his ennnciation of the 
surface area law) ranged in adult weight from 3 to 31 kg. 
and hence obviously represented pronounced differences in 
race With the development of more neeurnte technique 
for measurenient of the nietnbolism anil with the comple- 
tion of more careful surveys of the metabolism not only of 
humans but of mauy ammal speeieB, it has become apparent 
and today is accepted without question that the energy 
metabobsm of an animal or man is closely associated with 
certain physiological conditions, particularly muscular ac- 
tivity and digestive activity. The influence of these two 
foctors can be ruled out in the ease of humans by studying 
tlie individual while lying quietly, 12 liours after the last 
meal Under these conditions and provided the body tem- 
perature IS normal, tho metabolism is eonsidered to be the 
basal metabolism. As data accumulated and more atten- 
tion was paid to the betterment of technique, it became evi- 
dent that weight, height, age, and sex also lufluence the 
basal nietnlwlisin With advancing age, for example, the 
he.il production of humans decreases, and from the stand- 
jioint of sex women have a metabolism about 7 per cent less 
tliaii that of men of tho same size and ago. Ilenco the ago, 
sex, weight, and height of tho person whose basal metabo- 
lism is measured must bo known, in order to compare his 
inctububsiiL with the normal iiietubolisiii standards that 
have been established for Oaucasians 

In n eoraprehcnsivo survey inudo with standardized 
tooliiuque, trained observora, and close attention to all the 
requirements known to be OBseutial for accurate motabo- 
bsm measurements, tho Nutrition Laboratory has studicHl 
m cooporatiou with numerous instilulioiis the basal metalw- 
liBin of a number of human races, as follows : 
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Race 

Cliiuene (living in TTalted Rliitpt) 
Chlnrae (boro In United Rtnivn) 
CblnnM (born ud living In nUau) 
HnvrnilJini 

Broirna and BUfkn in •Ibcurk’h 

Mayu 

Ronth IndUni (Madm*) 


I'ciOperatlns IdvowIIkbIuf 
MaeLeodfi Crofli,i Turner * 

Mujri>T I 

Qarven,* KUbora,^ WHson* 

Miller r 
MillOP Y 
Hlrggetda p 

WllllnmijB BliQltnpk,>e RteggordniY 
Maaon 


Observations Lave been made on Araucaniun Mapuches 
in the Chilean monntaius by Dr J. Pi-Suner,” who had 
previously reeoived training at the Nutrition Laboratory 
and hence nu'HsuriH] Uis subjects with the Nutrition Lab- 
oiatory technique. Other racial studies by wholly inde- 
pendent iiiiesligators have been made since our program 
was begun, and a considerable amount of experimental ma- 
terial is now available The results of these invoBtigations 
have been excellently 8uuunuri7«d by Dr. K F Du Bois m 
Ihc third edition of his uniqne book on basal metabolism '* 

As several of the Nutrition Laboratory’s researches on 
racial metabolism have been emiipletud in the past few 
years and the luanuscripts reporting the results are now in 
the hands of the publishers, n suiumary of the survey made 

> MucLeod, Crafti, E B, And V (1 BciUMlirY, Am Jo%r* Fhptiol , 
im, 73, p 449, Idem, Prx>c Nat And HH, 1925, 11, p H2 

> ToruBr, A H , nnd F G Beaodictf a^ 1 n Journ, Fhpwiol , 1035, 11S» p 2P1 
Tknedlat, F Q , and M H. Moyor, CMnetg Jfntn Phj/MM., 1991, 7, p 45 

YBum^lct, F Q, iDd H B I> Garvea, Ch/nete ■Touni. Pkif/nal , 1930, 10, 
p 141 

V Kilbum, Lk O, aod F G Brnedlcl, Cflimw Joum Phy$M , 1937, 11, 
pp J<l7 and 127 

cBcnMirt, F G , Kang, L. C, and H P Wllaon, Chinese Jtnm Phj/Miot , 
1937 111 pri^ 

Mlllir, C, D , aiid F G Di'Nt^ld, Unit JImwujI, UdII, JlU7 

“ Htoggerdn, M , and F Q Bvaedlrt, Am Jonn Physiol, 192B, 30, p 621 

nWllliami, G P , nnd F H BvikhIK Am Jovn Phytiol, 1928, U, p 
034 

10 ShattDck, 0 r, and T Q Bonedivt, Am Jovn Physiol, 1981, B3, p 

018 

11 Stcggtrda, M, and F 0 Basfdirt, i4m Jovrn, PhysM , 1982, 100, p. 

274 

la ICanon, K D, and F O Bonadlct, Indian Jtntrn, Mfd. ScMnrrk, 1031, 
19, p 76, idom, Am Jonrn Phytioln 1934, 109, p 877. 

i>PI-8narr, J, Am Jntun. PhyiiaL, 1939, 100^ p 338 

1* Du Bolt, G F , Basal Jiftabollem fa Ssnitth and Vitoan, 8d «d , PhIU , 
1996, pp 106 el teq > 
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by this Ltibuiutuiy ib justiitablo ui (hm time la the in- 
torost of oeonoiTiy of epnea wg will omit diBOusBion of tho 
relative tniTith of tliu several e'^istiiin methods of compar- 
ing the mutalmhsin of individuals of difTerent si'Uis and will 
coiiipure oui fiudiugs only with the Harris-Beiicdirt predic- 
tion standard.' 

It oarly appeared evident that tho metabolism of cer- 
tain races was markedly different from this Caneiisian 
standard Tho deviations were by no means in one direc- 
tion, although in most instances they were below the predic- 
tions Tho first evidence, in the Nutiition Laliorntory'B 
senes, of nn apparent racial factor in human niotabohsm 
WHS noted with Chinese women studied in the United States 
who, wlietlior bom in China or born of Chineso parents in 
tho United States, hud a low hent production compared 
with Caucasian wuuiuu A most carcfnl senes of obBcrva- 
hons made by Professor Eleanor U Mason shows that 
voniig South Indian women (Tamils and ^falayalis) in 
Madras have a heat prodnetion averaging 17 per cent below 
that of Caucasian women On the other hand, three me- 
tabolism surveys made tu Yuciitan on the occasion of ex- 
peditions of tho Carnegie Iiibtitutiun of Washington to 
Chioboii Ilzn leave no doubt but that male Mavns have a 
basal metabolism on the average 8 per cent biglicr than that 
of white men of tlie same ph>'sioal chai actcristics Al- 
though a deviation of 8 {ler cent would not be significant 
for an individna], it is certainly statistically significant 
when noted with a largo group of individuals. An even 
higher metabolism was shown by the Araucaman Mapuelies 
studied by Dr. Fi-Suiicr. With hardly on exception his 
subjects had a motabulisin pronouncedly above tho predic- 
tion standard, averaging -f- 10 per cent with the 31 men 
and 4-15 jicr cent with the 14 women. 

Invostigalions by other laboratories, especially on the 
Chinese and Japanese, have shown divergent values, and 

I ILutIi, J a , and F O Bapfdict, Caravglo Init Wuh. Pab Xo 279| 



RACK FACTOR IM HCUAM HKTABOIJSM 105 

further louperutivu uIikIich oh (Jhiaese with a carefully 
controlled tcchmquo identical with that employed in our 
obaervationa on other racea wore lustitutwl hy the Nutri- 
tion Laboratory. One of our cooperatiuff investif^ntors, 
Professor U. S D. Oarvcii, found that 20 tJliinese males in 
Moukdcn, Manchuria, heul a basal metabolism only 3 5 ju'c 
cent below the Uurris-Buncdict standard, that is, hardly 
different from the inotaboliBin of Caucasians Similarly 
Professor L. O. Kilhom has found that Chinese in Szech- 
wan (54 males and 14 fcinales) have a mctnbolisiu reason- 
ably close to the prediction standards und differinK but 
littlo from that of a relatively small group of Westerners 
hving in the same region.* On the other hand, Kilbom’s 
observations on 24 male Minos show that this Asiatic race 
has a strikingly liigh metabolism, averaging 16 per cent 
above Ihc Harns-Bcnedict standards (tice table 1.) 

TABIJI 1 


Dcviatiom is Basal Mstasousu or Miao Mauw riiou llABKn-BBNsmcr 
Puuncnaii Btasoasd (KiLBoaif Btudt) 



P«r Mnt doviKUtm 


IVr twDl d«n*(ii>ti 

1 

+180 

18 

1-34 1 

3 

+38A 

14 

1-33 9 

3 

+316 

15 

+28 3 

4 

+18 5 

10 

+ 08 

5 

+15 5 

17 

+ 85 

A 

+318 

18 

+ 63 

7 

+ 52 

19 

+ 148 

8 

+ 70 

30 

-1- 1 1 

9 

+38 8 

21 

+312 

10 

+ 181 

33 

-1- 4,2 

11 

+ 170 

33 

+20 4 

12 

+ 17 

24 

+27 1 


Avnsfs for sU nibjscti +16 8 


In the studies of Garven and Kilborn, owing to the 
exigencies of what might properly bo termed "field work” 

I Efforts hsTs besn msdo br KDie InTostlsttori to estsUlsli Bomii for 
OuksbIsiib Urloff lo fioontrlos otbor thsa tiiolr astlro homos: Booh stndleo 
STO eompUrsted bjr tlio fsetor of orrllnstlsstliiii, ud forthor obarrotloiu oro 
Doedod on this partlcolsr problem 
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(the HtrongenesB of the experimciitBl procedures to inex- 
perienced subjects, the lack of time for truiniiiK the sub- 
jcets, and the consequent possibility of apprehension on 
their part), the majority of tho subjects were by necessity 
measured on but ono day. For the establishment of the 
basal metabolism of an individual it is recommended in the 
United Statos that measurements be made on at least two 
and preferably three da>s, nut farther apart than one week 
but nut necessarily oonsocutive. Experience with most 
Caucasians and with many individuals of other races has 
indicutod that tho metabolism tends to be somewhat higher 
on tho first day of experimenting than on subsequent days 
when the subject has liecoiiie mure accustomed to the some- 
what unusual, although thoroughly comfortable conditions 
of metabolism measurement lienee ono might think that 
^ alues obtained with subjects on one day only might give a 
picture of a basal metabolism somewhat above the true 
basal level that would be found if tho observations were 
repeated on subsequont days. On the other hand, the 
jihlegiiuiliu calm charactcnstic of the Oriental may well be 
e^pocted to play a role even on the first day. Tn certain 
of the obsorvatloiiH made by Kilborn there was a hint of 
this In the research with Dean Stanley D. Wilson of 
Yenchmg (Jmversity, Peiping, China, special attention was 
given to this particular problem Each of his 12U subjects 
was ineiisurcd on at least threo dnys. On the first day the 
niotabolisiii was more often lower, rather than higher, than 
it wns on the following days, indicating that the subjects 
were rapidly conditioned to the experimental procedure 
and that tho lucnsurements were uncomplicutrd by emo- 
tional disturbance. Ilcnco the absence of obsoivations on 
the second and Uiird days in ttie senes of Garven and 
Kilborn need not be considered to weaken the interpreta- 
tion of tho results. 

Dean Wilson’s subjects conipnsed 65 men and 55 
women, chiefly Chinese and Manchus, and represented both 
tho Bcdoiitary and the laboring classes. Their urinary 
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nitrof^n exrrotion was ossontially tho samo as that noted 
with CancaBians in the United StaU's, which indicates that 
these Chinese were not on a low protein diet. Tho metabo- 
lism decreased with ekp, the average rate of deeroase in 
total 24-hour heat production per year inoroosu in age be- 
ing about the same for the Chinese males (7 ralories per 
year) as that noted with Caucasian males (7 15 calories) 
The Chinese women, on the other hand, showed an average 
rate of deeroase in metabolism (5 calories per year) about 
twice as fast ns that noted with Caucasiun women (2 29 
calories per year) This comparison may be taken as evi- 
deiieo that the Chinese woman ages more rapidly than her 
Caucasian sister. 

The sex difference appareiilly is more pronounced 
among Chinese, at least those of sedentary occupation, than 
among Caucasians. Tho Chinese women of the sedentary 
(•lass, studied by Deau Wilson, liad a total 24-)ioiir heat pro- 
duetion 17 per cent lower than tliat of sedentary Chinese 
men of the same weight and age (See Fig. 1.) This dif- 
ference in sex among those of the scdcntaiy class is like- 
wise apparent when the resnlts are expressed per kilogram 
of body weight or per square rooter of body surface With 
the laboring class, however, tho sex difference is more of 
the order of that found with Caucasians 

With tho Manchus of the laboring class, both males and 
females, lower values for total heat production were found 
than with Chinese laborers of the same weight, age, and 
sex This finding suggests that there may be a racial dif- 
ference in metabolism within tho Oriental race itsolf, a sug- 
gestion likewise offered by Kilborn’s observation that the 
Minos have a very high metabolism. There were no 
marked differences in the average ages, weights, heights, 
pulse rates, respiration rates, and pelidisi (index of nutri- 
tion) of the Chinese and Manclius, and thus far there is 
no factor to explain the lower uiclabolisra of the Manchus 
other than race. Tho Chinese of the laboring class, of both 
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Fiuxos, had a niotaLoliam liiglici tlinn did those of llic seden- 
tary class 

In 111! instances the iiietalxilism of Dean Wilson's Chi- 


Coli. 



Kio 1 Total heat pTodoctum pat 24 hoan nfan-ad to body vtolght— 
Cblime man and woman of the Hdentaiy alaai. Tha plotted point! nro for 
cynaoo woman of tho aodantjir; elnaa, thoea 40 yfum of oge ind orar Mng 
indlratad bj Ilia ngiw In yenn wrilU-n ngalnat tlio plutlad points. Tim two 
fnll-lma enrvea raproicnt the tranrt of lha total haat prednrtlon with Inaranalsg 
weight for the two gronpa of woman nmlar and orar 40 Toara of agr The 
two hroken-llna curoaa Indicate tha tread of matahollom with laaroailng weight 
for tlnnaaa man of the aedantary claaa. 


nese subjects was lower than that of CtHuoasians of cor- 
responding physical charnctenstk-s Furthermore the ra- 
einl difference -was greater with the male than with the 
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fcinalo Clunese, in contrast to most of the findings on 
Japanese ‘ 

Another striking feature of these several racial studios 
IS that with some of the groups of siibjuels the pulsi> rntes 
were abnormally low when compared with those noted with 
Caucasians, and yet these low rates were not invariably 
Bccompanied by low metabohsTU Tn fact, in some instances 
low pulse rates were associated with nnnsually high me- 
tahohsui. Diifeiont levels for the normal pulso rates of tlio 
average American man and woman have been recorded in 
text books. Tho 13fi Caucasian men studied by the Nutri- 
tion fiaborntory liod an average pulse rale of 61 bouts and 
the 10.T women, 69 beats per minute. Wilson’s groups of 
Chinese, having low basal inelnbolisin, bad pulso rntos not 
fur diflorent from these for Cnncasinns, tho average pulse 
1 ate of the Chinese men being 61 lieats and of tho Chinese 
women, 03 beats Among the 65 males, however, there 
wore 4 individuals who had heart rates lower than 50 beats 
per minute, among the 1.30 Caucasian meu m the Nutrition 
Laboiutoiy senes four also bad this low rule The male 
Chinese iii the Kilborn serios bad an average rate of 60 
beats or oBsentiuUy the same os the Canoasian rate, and 
(heir metabolism was much the same Seven of these 
males, however, liad pulse rales below 50 lieats Tho 14 
Chinesa wonieu studied by Rilborn hud an average pulse 
rate of 66 beats per miuute or lower than the average shown 
by the Caucasian wunioii, and three of these Chinese women 
hod rates of 58 beats or below, which is a very low late for 
women. Yet their metabolism was reasonably close to the 
prediction standards Similarly tho male Chinese in the 
Oarven senes, whoso metabolism did not dilfer greatly 
from prediction, hud an average pulse rata of 03 beats or 
lower than that of tho 136 Caucasian mon. Among tho 
racial groups showing motabolinm pronouncedly higher 

> Somo JftpABCM inreatigatori hftT« Isterpretod tha fludln^ of a low hRjud 
iMtaboUfm la thdr nee u u Index of Inferioritjr In the nee The Nutrition 
Laboretorj bellovM that neb is InterpreUtlon It not eoirert 
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than the Cauuuiiian Htaiidards, the pnlae rates wore either 
unusually low or no higher than the Caacaslan rate. Thus 
the 24 male Miaua in the Kilbom scries had an average 
pulse rate of ■'i.'i beats and seven in this group hud rates 
below 50 beats The Maya Indians likewise had low heart 
rates, in many instances as low as 40 or 45 boats per minnte, 
notwithstanding their very high metabolism. Tho high 
metabolism of the Indians studied by Pi-Snfler was not as- 
sociatt'd either with a high or a low pulao rate, for the 
average rate of Ins mule subjects was 60 beats and of his 
female subjects 67 boats. 

The Nutrition Laboratory’s racial survey has clearly 
established that there are marked dilTorencos m the basal 
metuboliBin of human races Tho importance of studying 
the causes of tlicse inotubolic differences cannot bo ovor- 
cstimatod. The absence of perfect correlation between the 
pulse rate and the nietabolibin is challenging. Factors of 
climate and diet are, for Uie most part, ruled ont, and there 
are no apfiarent external conditions that seem to be causa- 
tive There remains to be studied, however, the relation 
between the basal uictubohbm, the blood chemistry, and 
particularly the endocrine balance. Perhaps one of the 
most outstanding features of the racial survey thus far is 
that there seems to be little relationship between tho basal 
metabolic level and the intellectual or physical ability 
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AastmAcT 

Followiiifr o brief runalderatlon of the itgalfloivnee of the bm of plant 
namii in the Indo-Malajaian Polyncftaii roglona allcntlon la called to the fact 
that the eomparatlfc phllolofuta have made little or so uae of the extaalve 
data that are atailable, althoogh It ii mABlfeat that In mony rOMea the nnmc 
of a partiriilar plant has been trunsmitted with the plant Itself from one 
]ieo|»te to anotheri while in other eanoa early espandlnii proples htiTt appur 
ently earned the iiane and applied It to IniUsenoDa ipo ips of wide natarnl 
distribution Eiloaslve data are preeonted ob the slf^idriinee of tho niimo 
In the ease of two pan tropic maulfeetly mAn*dhitrlbutrd bpivipR, Iho enennut 
and the fronKlpaimi, and one pan tropic spoolea, Ribijtmt tfhafrv$, uf natnml 
dlstfibotlon, to emphaaUa the points mo&tioQnd abovo In the rase of the 
ooennnt the onnclneloii'i are diametrically oppoied to Cook's thiKirr of on 
Amoilran origin. In that apparently the spread of thla economic palm was 
from west to east rather then from oast to west, and that It probably did not 
occur in AnuiHea antU after It wne Introdneod first by the Portafueae and n 
UtUe later by the Spaniards The groat center of lierelopinpnt in Its Inral 
namos Is In the Old World tropica, with the nut scries to nri^ fnim Madagneear, 
tliroogh Malaysia to the eaitorn limits of Potynmla. It Is irnHonabty apparent 
that here the name was spread with the plant Itself The fraDglpMunl is native 
of Mexlru One of ths omde plant forma depleted r>o tlic IHth rmturT temple 
(if Borebudor, Jnro, has been idrutlficd as icpreoenting this plant, if llila 
IdontiOcadun be ruirect it would monn IH pretence in Java in the 18th eontary 
The philologiei], historical, and botanical evideneo la wholly opposed to thla 
assumption, and tho conclaslun drawn is Hint the crude Borobudur flirure d(M'^ 
not rH|iniBont Ibe franglpaDni, and that the plant was first IntrrMlarod Into 
the Philippines by the Bpaniarda late la the stiteentb or curly In tbe aoven* 
taanth eenhiry, and from ^ FUUppiaei was sooa traasmlttod to other parti 
of the Old World tropics, and with it, tu a crrtBln degroe wt^nt Its Hahautl 
name. BibiwuM iUiaoeas wns soloctod as a plant of natural poB-leopIc dls 
trlbotloa. A stady of its locnl names IndkatM that those In the haO'bno-haffo 
vnes were troimiiltted by an expanding people frnui Mndagnsoar ond India 
throagh Malaysia and Polynesia, and as new Iab'Is were oeenplcd the name 
was appamntly applied lo the plant there fonad ns nn IndlgsnoQa speelea. It 
Is noted farther that Ihis atuno series of nsmes is applied over the estlre 
region to a number of utterly different and botADically not closely allied sps 

paouiRDiNOB or vni sKnuoAN ruiLoeoriiiraL socirrv, 
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rlett, bo) in Kirli (ane plnaU that bAve ftroDg but flben u doM thv Hibijieut. 
Thu nmamptlon U thut in thin uto the orlgtnnl fnmi mcsant biul, and wu 
thua npplJod to Dnrelnled plnuta tbnt producnd ntrong but /Ibera. 

Fnllowing thofio throe runi*n it ft brltf dlBcnMrion of the tlgnlflenneo of the 
4tn(tkiilir‘, C'ljisrto, noil Njibnutl plAnt nnmee In Malnytln tod In tlio Philip 
piAut Tfao coTiclnaluoa In rrfen*Dro tn the Ant twn tru Ihnt tliey t^ere Intrn 
diircil inlu tlic Arcliipeljgu, with tin* pltatt thomaoivoM, bj Indian aiifl (Jhinute 
folonlilng or trading poojilce boglnnteg peTliajx 2000 to 2500 jcara ngn, nnd 
Ibmt the aAnes here puralatcd practlenllj unrhtngod ainre their Infrudiietloii 
Th( Nnhiiutl torlpii n'pretont pUiiitfl lntroduri>d fnim Motleo br the KpQtiimrdi 
/ollowing 1505 Tin tlie old HuBila 4rn|>ulei» Ktiloon route th»t pfralali^l /or 
about 2G0 yearn. The ftantkritir CklniitL torien rcpreinnt aub priUittonr in 
trodueHona from Aalo, the Xthnni] aerien IntrodneUonji from Amerlea within 
the period uf modern liiatory, the one pnralloilng the other 

Thkuk is a Kront wealth of pliiloloKU'iil luaterial lu the 
HhuriKinal plant iiaineR recoideil lu association with the 
Latin binonuals used nndcr the binary system to designate 
individnal plant species.* A high poiceiitago of such 
names, within bmited geographic areas, partionlarly in 
snoh parts of the world as India, Malaysia, inclnding the 
riuhppines, nnd Polynesia, arc really safe gnidcs to the 
identification of genera, species, and even varieties Very 
many of tiicm are even more fixed, as designating certain 
definite nnits, than arc many of our liHtin bnioouals They 
have been used for many centanes to indicuto definite spe- 
cies and will be used for ninny centuries to come, regardless 
of the vagaries of the binomial systciu They arc not 

1 Soma of ih« Marem of information of IndiaB, KalayaUn, and t^Ulp- 
pine plant aamea ar« given beluw Mont of tha Polynesian and ICleroneaiu 
names cifed were eompilcd from my iBaBuacrlpt eard ratalogno of Polyoniu 
planta 

BuAlU, t. B. .d Dictlonam of Iho SconomUi Prodnrti nf the VoldH 
9uU, I l-xi 1-1220 , fi' 1221-2408 IDftS 
Olaroii, T and OnaholE, IL Nu'itv Flantinmdtfi tVoordtmboek voor Jfeder- 
lamUrh IndiF, 1-xxt 1-385 1008 

HejM, K. Jlo nviClfre Ftmton van No4erla^dick-Im4iS, 1 [1-8] 1-010 

1-lui 1B14 (Beprinted 1B32) | 8 * 1-S40 1-uxix 1P18, S 1-402 
l-xlviil 1017 1 4 * 1-264 i-nxvl 1917 Ed 2, 1 1-8, 1-752, S‘ 
755-1450 , 8 1451-1002 l-ecx1i 1927 
Uarxlll, B D d» Bnamorofion of fhtlipffine FIovrHng Plant 8, 1: l-rll 
1-405 1022-86 , 8 . 1-530 1989 ; 8 * 1-028 1928 , 4 : 1-015. t 

f 1-3 1086 

Udl^, H. N. The Flora of the Ifoloy Tonintmlo, 1; l-xxxr 1-918. / 1-7$ 
1988 , 8 : i^vi 1-072 / 7«-J8r 1928, 8 1^ 1-400, f 133-159 
1924, 4: 1-363 f 180 fOO 1924, S* 1-470. f B10-tS9 1926. 

Watt, O A ZMotionarf of fhs Feononie FroducU of India, 1 (1889)-0 <1695) 
Index 1-105 1890 
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changed bccanBo of pnorily, bocauee of varying concop- 
tiona of whal constituloH a gpnna or a spocies, or becauao 
of the pcnonal idiosyncrasies of this or that botanist, bat 
persist generation after generation as definite doBignationa 
for deflnito plant forma; some are of very local applira- 
tlon, others are applied to the saiiic species over a very 
wide geographic range. 

Comparative philologists hare made little use of these 
data, probably for the reason that the average worker in 
that field has lacked the intensive botanical knowledge 
properly to sek'ct significant spericH for study among the 
tens of thousands of descnlied ones, and perhaps also be- 
cause they have been repelled bj’ the very large number of 
recorded native plant names In the general field of philol- 
og\’, for the purpoBoa of eoinparison, it has been simpler, 
mid perhaps jnsl as effective from the standpoint of those 
Intel ested in the lelationships of languages, to compile lists 
of conspicuous objects such us tho sun, moon, stars, wnU-r, 
parts of the human body, numerals, c(*rtnin verbs oiid other 
words, 

In this day of specialiaatioii, it is scarcely to bt“ ex- 
lieoted that many botonists will delve into the intricacies 
of anthropologj-, archeology, and comjiaratlve pliilology, 
or that many specialists in these fields will master even tho 
rudiments of systematic botany. Yet individuals working 
in these diverse fields can be of mutual assistance to each 
other Cases may be cited where taxonomists have mis- 
intorpretod the botanical evidence as to the place of origin 
of enltivated species, such as in accrediting the cultivated 
eueurbitas to Asia; yet the areheolngioal data absolutely 
supports the phytogeographieal cvidenee Hint those plants 
originated in America. One erroneously assumed that to- 
bacco must have been native of Africa and “proved” that 
this was the case, in spite of the botanical evidence that is 
overwhelmingly if support of its American origin An- 
other insisted that the smoking of tobacco originated inde- 
pendently ill N^ow Guinea on the basis of a native species 
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of tobacco, yot there ia no botanical evidouce that any to- 
bacco apecica occurred in Xew Guinea before the period of 
European contacts, while the one apectos that does grow 
there, Nieoitana labacum, la of hybi id and indubitably of 
Amencaii origin One “provoa" that the coconut waa a 
native of tin* Now World and that it muat have been trans- 
mitted across the Pacific at a very early time by man, and 
anothei definitely showa that the whole concept and argu- 
ment was erroneous and that in all probability the coconut 
did nut even occur m tropical America in prc-Oolninbiau 
tunes, and that it was first introduced by the Purtuguoae 
into Brazil iiiul a little later by the Spaniards into Mexico. 

The avenigc botanist usually has no knowledge of and 
little interest in comparative philology, or is too busy with 
the mulliliidiiioua problems within his own field to master 
the rudiments of it or to osseinblo and to attempt to inter- 
pret the aigiufioance of lliis or that aeries of ougnnto forms 
even among those names applied to the basic cultivated 
epeeios. Ho may realize that in all countries where agri- 
culture IS priictieed that many of the cultivated species, and 
the weeds of cultivation, are exotics. Ho may realize fur- 
ther that sonic of theso plants wore disseminated at a 
lelativcly early date in the history of the liiiiiian race, many 
of them in prohistoiio times, others within tho historic pe- 
riod, particularly following the expansion of the European 
eolumzing nations after the middle ages Tie often does 
lint fuUy realize that tho boundaries of the one hemisphere 
or the other were tho actual limits to tho diffusion of culti- 
vated plants originating in America or m Eurasia and that 
a gonernl interchange of these ccoiioniic plants between tho 
two hemispheres did not occur until after the first cireum- 
uavigution of the glnlic hy Magelian in 1520. 

With 110 claims to oilier than a very superficial knowl- 
edge of comparative philology and uith no training what- 
ever in this field, T have hail the temerity to compile certain 
Lists of native plant iiuiiich with tho conviction that in this 
field wo have a sonreo of information that wiJI yield impor- 
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lant resulta to both the philoloipst and tho botanist, and 
nioro particularly to those individuals who aro intorestcd in 
the origin, history, and the approximate time of dispersal, 
and the early limits to dissemination of cultivated plants. 
I have done this with tho fall realization that I may be ac- 
cused of selecting a subject regarding whioh I know noth- 
ing, and again becanse 1 may err in drawing conclusions 
that perhaps a profcHHional comparative philologist might 
not accept. In the utilizatiun of the philological data one 
may misinterpret the Miirnlflcance of this or that name, and 
occasionally one may include words or forms of words that 
perhaps should not be cited. 

If one examines tho long lists of plant names recorded 
from Indio, Slalaysiii, the Philippines, Micronesia, and 
Polynesia, one is impressed with the foot that for the en- 
domio species and those of limited geographic distribution 
the local names are mostly what wo may designate as 
autochthonous, that is, uainus clinractoristic of local lan- 
guages or dialects and used specificHllv to designate this 
or that natural group, usually n species, sometimes applied 
in a generic sense, soniotimes even used in a varietiil sense 
SomotiinoH one finds cognate forms of n single word, not 
infrequently with myriads of variants, very widely used to 
designate speeios of manifestly natural distribution. Again 
one notes that another term, or cognate forms of it, may be 
used over vast areas — and we may cite Madagascar, across 
Malaysia and Polynesia to Hawaii and the Marquesas Is- 
lands -to designate certain universally distributed culti- 
vated species, tho plant manifestly for the most part man- 
distributed. In those two cases it seems only reasonable 
to assume that for tho non-culhvatod plant of natural wide 
distribution, the name was carried by an early expanding 
people and automatically applied to tlio species, known to 
them in their original home land, as it was observed in the 
new lands oconpied by them. With tho man-distributed 
cultivated plants it seems to be likewise logical to assume 
that the plant itself, with its original name, was actually 
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(listribnlFrl by an expanding people, or the plant and ita 
name was paaaed from one group to another by diiTusion 

In addition to the three categoneH mentioned above one 
notes still another, that is, a senes of borrowed or adapted 
names applied to mtiodueed ajicciOB And when a culti- 
vated or naturalized plant is found in a region remote from 
its ongjunl home snoh names become distmctly signifieiint 
as to when, by whom, and how such plants wore originally 
introduced. Borrowed names agom fall into two cate- 
gories, those aetnally taken from strictly foreippi lan- 
guages, some in historic, some in pro-historic times, and 
those adapleil from the name of some other species, usually 
by the addition of modifying worils, hecanse of some siiiii- 
larity or assumed similarity between the introduced plant 
and 0 native oi curlier introduced one 

To illustruto these points dato hnve lieen compiled on 
the local names of the coconut (Cocos nvcifera Linn ) from 
Madagascai to Hawaii, Iltbtscus Uhtireus Liim, over the 
same raiigo, and the frangipanni (Plumerta acuminata 
Ait ) from Mexico, its originul home, and from the Indo- 
Malnywaii region ivhcre it is a comnion introduced iilant. 
Bupiileineutlug these data and fuithei to support the idea 
that native plant names are worthy of a more intensive 
study than they have hitherto received, I have compiled 
lists of Suuskritic, Chinese, and Nahautl (Mexican) names 
current!} used in the Philip]iiues and in Malaysia to desig- 
nate certain definite and for the most part introduced and 
cultivated spocics 

To explain the occurrence of these names thousands of 
miles away from their places of origin certain historical 
data are given appertaining to contacts in ancient and in 
comparatively recent times. These data are presented for 
what they are worth. The couclnsions are my own, subject 
1o corrections and extensions that others may suggest. 
Too frcijucntly comparative data, of the tj’po under dis- 
cussion, have been used to bolster up often illogical pre- 
conceived theories Merely because there arc Sanskrit ic, 
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Chiuehc, Qud Xulmutl pliiiit iiamen in rurrpiit ump in 
Jaysia and in the Philippiuea is no evidence whatever of 
aiflnitieB between the lon^na^a of India, China, and Mex- 
ico, with those of Malaysia, for there are no genetic rela- 
tionships botwucii the diverse languages involicd. Such 
names in the insular area discussed are merely borrowed 
ones, 01 introduced with the plants themselves. It is, 
however, important that \rc should know approximately 
when they were introduced. Agiiiii merely becanse there 
may he occasional siiiiilantius between certain plant names 
used in America with some used in the Old World is, in 
most cases, little reason fur ooncludiug that there were 
ancient contacts between the early peoples in these widely 
separated regions; sometimes siiiularities are merely acci- 
dental, Homctinics they may be explained by historical cou- 
tacts. 

As evKlence the coinparatHc ])hilology of plant names 
must bo used with restraint and cantioii When, hnwovoi, 
there is a general agroemeut in plant iimncs with other 
data, historieal, biological, and otherwise, then we can ac- 
cept the evidence as suppoiting this or that ecmclusion 
Factors to be considered lire what is known regarding ox- 
Iiandiug and colomzing peoples in uncieiit and m relatively 
modem times, whut light inwlern archeology throws on the 
problem or iirobleins, wliat we may learn from the annals 
of history and exploration, and what the tn.xonomy and 
pbytogeography of plants ui general teachos us. We are 
not jnstifieil when we merely select certain facts that snp- 
poi t a iirecouccived theory and ignore those data that are 
opposed to it To be elTectivc and convincing conclusions 
must lie logical ones When illogical arguments are sup- 
)>ortcd by citing only those data favoring the contention or 
contentions and ignoring the known facts that are opfioneil 
to the theory, the well known method of half truths, then 
we should look on such papers as contributions to the field 
of imaginative fiction, perhaps interesting as fiction but 
not to bo considered seriously. In general philological evi- 
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dencc ib of distinct valne wben the couclusious that wu may 
draw from a consideration of Hueh data arc in conformity 
with the known bioloii^ieal facts of plant dislrihntiou. 

Tins CoroMTT 

The actual place of origin of this plant is somewhat of 
a mystery atthouRh it is indubitably native of some part of 
the Old World tropics Tho tribe or snbfamily, Coooinie, 
to which Cnrog belongs, is predominantly nliaractei'istic of 
tropical America, with the genera Attalca, Slaxtmtliana, 
Diploihfmtum, Juhfra, Orbtgnya, and Arcraslrum, Bufia, 
and (tiazidva, narrow segregHtes from Cocos in tropical 
America, EIo-ik in tropical Afnrn, Jtihaopsts in sonthoast- 
ern Africa, and Cocos, now pantropic in cultivation The 
reference of nniiierous native tropical American species of 
Arecastfum, Buiia, and Olaziooa to Coivs has confused the 
issue Assuming that Bcutham and Hooker’s and Drnde’s 
concept of Cot os ns a genus, seusu latwre, bo correct, then 
it would be surprising if all the wild species of a consid- 
erable genus should be natives of tropical America, and the 
one widely cultivated species dominant in the Old World 
and not an mdigenaus plant in America. This olassiflca- 
tion and this distrilnitlon was apparently the chief basis of 
Cook’s ’ illogical attempt to prove tho American origin of 
Cocos nuciferu Luin. It is apparent that he accepted cur- 
rent clussiflcation as correct. 

Bcccari ’ calliKl attention to the fact that Jubaopsts caf- 
fra Becc of southeastern Africa has many more afBmtios 
with Cocos nucifera Linn, than has any other known palm 
among those hitherto referred by anthors to tho genus 
Cocos. After carefully examining the characters of the 
groups involved ho expressed the opinion that it would be 
better to regard Arfcastrum, Bntia, and Olaziova as of 

1 Oook, O 7 Th« Oriffhi and DUtribotion of the Qomn Palm. Contr 
V S yat Ifftb , 7: 257’'S93 IMl HUtorj of the Coconiit Faint in Aniar 
iea. Ccfhtr U 8 Nat flarb.U S71>^i2 t S^9 1910 

» Beccarit 0 Tba Ongla and DIiip«r«al of (*orcM nurlfcrn Phihp Jo%r 
8cL, 18 Bor 1917 
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generic rank, rather than as sabgenera of Cocos, Arecas- 
irum ■with two or, at most, few upccies, Bvha with ten to 
twelve or more spccien, and Olaffiova with more than forty 
Bpeoiee, all in tropical Amonca. With this disposition of 
the American so-called spcciOB of Cocos, the latter gonns 
stands as monotj'pic, with a single species, Cocos nuctfera 
Linn, and with its closest ally the monotypio Jubteopsu 
confined to sonthenstom Africa In favor of an Old World 
origin of Cocos is also Hill ’a* record of fossil Cocos nuts 
from New Zealand For nn extensive and critical con- 
sidiTatioii of the problem of Amoriean veraus Old World 
ongiii of the coconut see Chiovonda.* 

Cook’s argnment in general was that the coconut orig- 
inated in some part of tropical America; that it was an 
iiiliind siieeios, which is incredible; and that it was an early 
introduction into Polynesia by prehistoric voyagers from 
America, which is also incredible and for which absolutely 
no proof exists. His general statement is a convincing one 
in support of his contention, but unfortunately ho over- 
stroBsod the factors that tended to support his proconoeivod 
theory and understressed or ignored those that were op- 
posed to it. 

Without dissecting Cook’s argument in detail, T wish to 
discuss two points other than the philulogicnl one Aa 
against possiblo dissemination of the coconut by oocan cur- 
rents he argues that the chances arc hundreds to one that 
coconnts falling into the water will lie thrown back imme- 
diately upon their own const like other objects flnuling in 
the surf and definitely says "High waves or tides, instead 
of floating shore debris away, merely carries it farther in- 
land, as everybody familiar with scacoasts know” (italics 
mine). What about an off-shore wind and an outflowing 
tide? What about the situation at the ends or on the lee 
of small islands T What about estuarine conditions with 

^ Hil l , A. W Tita Orlgloal Hone and Mode of Dloponnl of tbt OMoant. 
Sainttf 184: 133 1889 

■OUomdA, ■, T<4 euUa dol Cooeo Contrlboto lUU rieoren doUn p«trl& 
orl^iwrln dclU Polina del Covco. B 199*894 1981^809*449 1988. 
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a BtrouK outUowmg ruiieutl On flip liiiniB of Cook’s stutc- 
meut liow cuuLd onu puBsibly account for tlie wide distribu- 
tion of strand plants that arc adapted to dissemination by 
flouting seeds or fruits t Maw oonld seeds and fruits, in- 
cluding cocoiints, and floating debus in abundance, reach 
isolated sand liars and slightly raised reefs that support 
no vegetation because at times (her are entirely flooded or 
swept by heavy waves f How about floating debris in 
abundance that one notes at certain times far from land 
in such a region us the Malay Aicliipclagot 

The categorical statement is niuilo that numerous eco- 
nomic plants including the sweet potato, the bottlo gourd 
(Lagenarta), the true gourd (Cueurbitri), cowhnge (l/u- 
ctiHo), yam bean {I'achyrlnsMs), and one or more species of 
yams (Tiioacnrea), all probably of American origin, existed 
ill Polynesia and m the Malay region in prchistone times 
Fur the sako oi argument wo may admit that these plants 
ware native of some part of America, bnt only one, (he un- 
important bottlu gourd (Lagniana), seems doflmtely to 
have boon of panlropic distribution m prehistniic times. 
It is probable, or at least possible, tliat tho swoot potato 
rcBi'hod Polynesia from America'' in pre-Magellan times 
Biirkill,' however, effectively shows tliat on the basis of its 
Malay names, which are nil Imrrnwed ones, that it is a late 
introduction into the Malay Archipelago The Cld World 
true gourd records were undoubtedly based on erroneous 
dctermiiiatious or confasion as between the true gourd and 
some other cncurbitaceons plant. The cowhagu, t.e., the 
form wiUi stinging hairs on its pods, is not an edible or 
oven a cultivated plant I know of no records that would 
indicate tho occurrence of tho yam bean lu the Old AVorld 
until after it was introduced thero by the Furopeans, nor 
do T know of any data that would prove that any cultivated 
yam had this distribution in prehistoric times. The “nu- 

J 2>lxoii, B. B. Thr rroblem of th^ Svreot Potato in Poljiu«nn j4ih 
^inlkropol , 34 40-00 3012 

aBn^klll, L H. ZHctMNdry of lAi* Sotmomir Piodvrh of tkt ifoYny Pentn* 
tula 2‘ 1840 1980. 
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iiLurou^ econonito plaiita" of pichititorio pantrupio dibtribu- 
tion, stroBscd by Cook, Boom to b<* conspicuouB by their 
abeenco In this connection Cook btalon that tho bnnann 
wnH introduced into America in prehmtnnc tiincB, but the 
bulk of the evidence la utterly opposed to this aaRiimption, 
and tho probability m that it was first introduced by the 
PortuffuuBP via tho ra])e Verdo TnlandH 

It is admittei] that some botanists ar^uc for at least a 
limitcil interchange of ncotropic and palnotropic plants 
across the Pacific in iire-MagcHun times. However, it is 
notable that the arguments supporting the contention that 
the banana and the coconut were of pro-Columliinn occur- 
rence in America ai-e of the most nebulous character and 
are far from coiivliicnig, and the suggested pre-tlolnnibian 
oocurrenoo of Old World species in America generally stop 
with these two plants If two hjiccies were so introduced, 
why not many morel 

It has lieim suggested that various plants of Amenoan 
origin also occurred in tho Polynesian-Malavsiun region in 
pro-Magellan tunes, but here again there is little tangible 
evidence to support such contentions In general in ref- 
erence to these supposedly eurly plant imimgrants from 
America to Malaysia one is impressed by the relative un- 
iiiipartnuco of the species tor which such cliums are made 
Why should a tree useful only for ornumentul purposes, 
such as the Plumciia, or one of very slight economic im- 
portance, such as the Cftha, lie selected for dissemuiation 
by early or even fairly late civili7.ed man when one would 
naturally oxpecl to find iinportuut food plants preferred, 
such ns maize, the garden, field, and lima beans, yautm, 
tomato, peanut, cassava, squash, pumpkin, pepper, and 
othersi These in couipetilion with tho suggested non- 
ccunoDiics failed to make the passage 

It is difficult to prove just when certain neotiopical 
plants reaobod the palsMtropical regions and vice versa. 
It is, however, manifest that most if not all of the really im- 
portant species failed to moko tho passage until after tho 
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EarupvuuK conunenccd to make traiia-Paciflc voyafjes. I 
know of no aiiiglp raao of fln]>|)uKo<lly pro-Magellan intro- 
duction one way or the oUior that is suaceptiblo of definite 
proof. Concluaions baaed on early pnhlialied frogmontary 
recordh arc often of donbtful aiginfloanee bocauae of the 
aiinple fact that poaitire identification la uaually impoBsible 
from the totally inadequate data rceordod Miaidenlifica- 
tion la more apt to be the explanation of tho auppoaod oc- 
eiirreneo of thia or that cultivated plant fur “out of range” 
at an early date. 

Cook, apparently to support a preconceived theory of 
Aniei lean origin of ugncnltnro and a very early disecmina- 
tion of ceonomic plants across Polynesia by ocean-going 
peoples sailing from Araeriea, rlnims that a considerable 
nuHiber of American plants in the Old World support this 
idea, but my general conclusion is that American plants in 
the Polynesiau-Malaysian regions in pro-Magellan times 
were more conspicuous bv their absence than by their pres- 
ence in tho Old World tropics. 

Cook’s philological argument supporting an assumed 
Ameneaii origin of the exxmnut is exceedingly weak How 
should we interpret these data? Ho admitted that tho lack 
of native American names had been accepted as proof that 
the palm could not have existed in Amonca before the ar- 
rival of the iSpamards, and then proceeds to set up the re- 
markable theory that probably the word “coco” itself is 
of American origin Tt is true that the word is used in 
Amerien for designating certain pliuits, but for nothing in 
aboriginal languages at all resembling the coconut That 
tho word IS a favorite plant name in several Central Ameri- 
can languages applied particularly to plants that have 
bulbs or bulbous roots, is no argument in support of this 
name being applied to such a totally different plant as the 
coconnt palm. What weight should be placed on the sug- 
gestion that a Tiipi Indian name in Brazil, nha, thero ap- 
plied to the Brazil nnt tree, Bertkoleitxa excelsa, has any- 
thing whatever to do with the Polynesian name ntu applied 
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to the coconut f And yet Cook makes the most extraordi- 
nary Btotement : “The agreement and distribution of the 
Polynceian, Melanesian, Maiavan and other Oriental names 
of the coconut indicates a wcatward miftration for the race 
•n Inch intrwlueed it in the wcBtcrn Pncifle ” 

Contrasted to the situation in America the names of the 
coconut in the Old World tropics are myriad, but I boo no 
I'CBRon for considering that any of them are to be assoeiated 
in any way ivith vernacular uninea in Americu, except as 
the word eoro itself lias liecn adopted in most parts of 
America, introduced by the Portuguese and the Spaniards 
with the plant itself In this connection Bartlett gives 
excellent rcasoiiB for believing that the word coco is not, 
as generally supposed, a word of European origin from 
the J’ortugueso coca (a hugliesr or an ugly mask), hut that 
it was perhaps adopted by the early Portuguese explorers 
in (ho orient from its Turkish name corh-nidt more or less 
spread in Malaj'sia hy the Arab traders, quoting liumphtus' 
opinion, written 1670, or somewhat earlier, in support of 
his contention. Forms actnallv cited in the early Euro- 
pean literature appertoimng to the coconut in the Old 
World tropics include cuqvos and quoquos, both plural, 
coco, and coquv. Forms nctnally used m vni loiis parts of 
Malaysia at an early date include lohar, coker, \qo, calucu, 
and IdluK-o, the last three from Humphius; and I am in- 
clined to agree with Bartlett in his expressed opinion that 
these last Indonesian names are not mmlern adaptations of 
the Enro]iennized coco, for they were recorded not later 
than 1670. 

Tile various words used to designate the coconut in 
India and Malaysia are very numerouB, but fall into several 
distinct categories of apparently unrelated names. It is 
entirely reasonable to suppose Uiat the most widely dis- 
persed one, the niue-Hia-ntu-MWff series, is the oldest. In 
various forma this extends from Madagascar to parts of 
India, through Malaysia and the Philippines, Micronesia, 

>>artUtt, B. IL faprn ItmMfam Jead, Sri , 6- 1(1-17 1M7 
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aud Molaaealo, to the extreme eastern limits of Polynesia, 
Hum ail and the Marquesas Islands Without attempting to 
list all the vanants, or to indicate always where the sevoral 
foniiB are used, the following list is iinpreesivu. Nyiur, 
iii/nr, niiju, tiia (Malay Peninsula); tiuir, nine (Sumatra); 
tijijor, njtjirr, njor, tjor, either (Java) ; tiiel (Coram) ; njoe 
(Hall), and nuraerouB other variants used in various parts 
of the Malay Archipelago such as ujeer, ntjee, iiijter, uijol, 
Hrkwel, iiiinel, nimelo, nio, nitr, iiitiTU, mmi, niu'e, niwel, 
Htieer, njejoug, ttjejor, nhtr, nthiwc, nj(rh, njor, noa, naira, 
tueuiolo, lino, noor, noora, itora, tr, ar, nhi, onjet, etc. Going 
farther afield wo find wau-ntu and roa-mu in Madagascar 
(the name probably introduced with the plant itself by in- 
vading Tndunesiim peoples) In India narcl, nanyid, nn- 
rtel, uarikel, narii/alaiid, uankela, and numerous oilier 
forma apparently derived from the Sanskritio narjtl. In 
New Guinea nee ajo is recorded, in the Now Hebrides maru, 
and in Now Caledonia mu. In the Philippines the coconut 
is umvorsaliy known from north to south as niog. And in 
various parts of Polynesia we find again the constant oc- 
cur! ence of this same root in such names as mu (Fiji, Sa- 
moa, Tahiti, Hawaii, Yap, Makatca), nio (Tahiti), nu 
(Truk, Rarotonga), hi (Ponupo), nius (Palau), myoq 
(Guam), indicating a reasonably universal use of slight 
variants of one name all over Micronesia and Polynesia. 
I have no rcconls of radically different names for this palm 
from any part of the MicroncHiun-Polyucsian region. 

There arc several other series of coconut names that 
apparently have nothing to do with the mue-nta-niv-nwg 
scries, which it does not seem necessary to discnss in detail 
here. They are the halambtr-kelambtr scries with such 
variants ns karambd, krambel, krambil, karamhie, kefjant- 
bU in the Malay Peninsula, Sumatra, Java, and neighboring 
small islands The kalapa scries with such variants as 
klapa, kelapa, kelapo, is largely used in Java. Other series 
could Ik! built up from the Persian pol, the Singalese ong, 
and the pankot-petrol-piena! series in Celebes and neighbor- 
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iuK iblunds. In all theae, other than the fiiue-nio-«n«-iMO<i 
aeriPB, the use of the names is invariably restricted to lim- 
ited K<^fn‘aphie areas, rather clearly indicatiiifr that these 
names became current later than the ttiu series which ex- 
tends from Madagascar to India through Malaysia and the 
Philippines to the easiem limits of Polynesia. Baillett’s 
conclusion is that in Malaysia the npjeer senes is the oldest, 
spread by early Indonesian peoples, that the halnmhir- 
helambtr scries in next, having come into use much later 
than the njijor series, and that the kaiapa series is ntdl 
younger than the halnmbir-kelamhir one 

In this discusaion I have not considered it necessary to 
list all the recorded oriental names of the ooconnt. Dc 
flcrcq’ records about 115 for the Netherlands East Indies 
with about 125 additional ones for recognised varieties, 
Heyne * in 1927 lists about 180 names from the same region, 
while Watt ’ records nearly 100 different names for British 
India For tropical America Cook woe able to record only 
Jtn-kn (which of course is Sp. core), svra no and sm ua in 
Costa Bica, other than the Qbiqnitons coco introduced by 
the Spaniards and the Portuguese, while its even fewer 
Brazihaa aboriginal names appear merely to be transfers 
of names of native palms to the coconut palm. Were the 
plant nativo of any part of tropical America or an early 
introduction from the Old World we might logienlly expect 
to find a very considerable number of vernacular niinies ac- 
tually in use for it. 

In view of the groat paucity of colloquial names of the 
coconut in tropical America, and the ononnons number in 
the Tndo-Malaysian region, from the standpoint of com- 
parative philology alone, ignoring other factors, the only 
conclusion that T oan draw is diametrically opposed to that 
of Took. It seeina clear that the distribution of the ooconnt 

' Olanq, F. a A. dt, md OiMiball, XL Nlnw FlanIhinAg Ifoordnboei 
Twrynlrrldiilfril Indw, I-ixi 1-38S ISOV 

■BiyiM, K Be Ifttnft PUtntrH laa Buitrlandtrlt lidu, ol 8, 1’ SUS- 
309 I»£7. 

‘ Witt, O, A BiftHmam of a/ Infu, 0- 413 IBM. 
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was not from oast to west, bat deiiiiitely from west to east; 
that the name was diHscminatcd with the plant itself, and 
that early migrator}’ peoples were largely responsible for 
the spread of this palm in the Old World tropics, even as 
modern man was probably responsible for its introdnotion 
into tropical America, or at least for its wide distribution 
here. Ocean dispersal has also been a factor. The palm 
can maintain itself in favorable places without the aid of 
man We may even admit its possible arrival on the west 
coast of tropical America in pre-Columbian times, but this 
docs nut alter the picture. If it wore introdnood there by 
natural mcons or by man, its Introdnotion must have been 
uunsumniatcd not long before the arrival of the Europeans ; 
for if of ancient introduction, it wonld certainly have been 
quickly distributed by the natives by diffusion even as other 
economic plants of American origin were widely diatrib- 
ntod within America in prehistoric times. One should not 
forget that invariably a plant of great oconomio impor- 
tance, once introduced into a new region to whioh it is 
adapted, spreads with remarkable rapidity as witnessed by 
the fact that within twenty-five years after its introdnotion 
into Spain maize or Indian com had reached western China 
via the then little travelled overland trade route from Asia 
Minor, doubtless the one actually travelled by Muroo Polo 

The center of the great variation of the coconut, with 
the establishment of numoroos reoogmzable varieties, and 
the center of the great development of its specific and vari- 
etal colloquial names is the Tndo-Malaysian region of the 
Old World tropics. 

Plumena acuminata Alton 

The genus Plumena, with about 100 recognized species, 
is a group strictly confined to tropical America except os 
certain species have been introdnoed into other tropical 
countries for ornamental purposes. Among the plants fig- 
ured by Flete from the has reliefs of the twelfth centnry 
temple of Borobndur, Java, is one that Bakhnizen van den 
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Bnnk' in 1931 took to roproeent a PWmerxa, althouffh 
Cammorloher’ dooa not include it in his slightly earliui 
consideration of the plant forms there depict^ Tuo 
years later Bakhnizon van den Brink ‘ positively identiilod 
Ploto’s figure of the plant as the specios now commonly 
known m many parts of Malaysia as kambodja = Plumeria 
acuminata Ait Tf hie identification be correct, all my ar- 
gnnient le of no value for this would mean that this Ameri- 
can plant occurred in Java in the twelfth century. His 
argument, other than his positive identification of the 
urudu, gieatly conventionalized has relief on the Borobudur 
temple, is in general that the Malay name kambodja and 
those in the tjcnipaka sorios are Sanskritic in origin, which 
IS manifestly true, and tliat such names as bonga gudonq 
tajutsju, culotig iajutaju and culu tsjuisju are of Malay 
origin, not corruptions of its Nohautl name kalaehuchc as 
modified in the Philippines Bonga is of course the Malay 
name for flower. The other parte of these words he thinks 
may have been derived from the Malay gelang —head 
dress or wreath, or gcelaing — to twist or roll up, or golong 
—-roll, tube, and wsw - milk I 

Intrigued by this explanation, I ettompted to confirm its 
possibihly by seauniiig all the entries in Iloyne’s work 
wherein are listed approximately 20,000 Malaysian plant 
names There are many of those wborcln the word sasa 
forms a part of the word, but in oil of these 1 have detected 
no variants even approaching tsjuIsju. In general the 
form s<B8a remains unchanged whether need as the first or 
the second part of a plant name. In the first case we find 
scuce lopek (Codtum tomentoium Stackh ), scesa mcmdtng 

iBikhnlSiB TU dan Svtnk, B. 0. Wollie Plnntes tludt iiiqd op do 
Horoboedoor afgeboeldT Trop yotuur, 80* 3B1-1M. / IHT 1931 

* Oasnurlohori H. Wac do Boroboedoor den nitunrovdonoeker leert 
Trop Jfotintr, 80: 141-19S f X~14, 1931 Pla Pfl ■ neoadarotpHttiufeB «af 
don Ball^i del Borobndar (MltteMaTs) Nature, li: 222^:^ / i-li 

loaa 

* BaWiplJatt TU da BKnk, B C Do Indloche Flora ea lure eorolc 
AmcHkanlirhe Indringntor*. A'a( Tijdoekr Nedrrt Ind, 88. 20 <50. f 1-^ 
1933 
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(Campatiamcea javnnica Blame), acuot perada (fUnbha 
Bp.)) scesce pceka (Fatoua piloaa Oaudioh ), and aasoe ntMce 
(Polffsttctus sneer Fries) In the second oaae, for plants 
moHtly wth milky sap, wc find geieh saesce, d}tntahan sasi. 
qelanq sceaa: and qitap scesoe (WiUvgbbeia firma Blnme), 
knlonsasa {Calntropia pigantea B. Br.), kalanscescean 
(Plumeria aevmmata Ait.), balam scestr (Palaqutum acu- 
minatum Bnrek), kajee aersee (Cerhera mangbas Linn.), 
kambang sasa; (Tabertiamontana divarrcata Linn ), stro- 
v’ciM aarsne (Areatigehaia flaea Merr.), and madanq sasa 
(Fieus alba Bluiue) Applied to plants without milky sup, 
but here in the sense of .wt/p == breast or nipple, as the 
HHinc root smu is applied in the Philippines in such plant 
names as susnug kalahao, suao-susngtin, svso koyth, avsong 
damtiiag, and svsong kabai/o, we find in MalayHia arenj 
sasa moendeng (Elteagnus javanica Bliune), pasang sasa 
(Querrus iepsmatiuti Blnme), d,iamha sasa (Eugenia ma- 
laicensui Linn, Patdium guajora Tdim.), bawalt sasa 
(Passiflora laurtfolia Linn.) and sirikadja sasa (Annona 
murirata Linn,) Variants ns sinRle words arc sasaan, 
saaada, sasal, ’laaan, siraakav, and sasara, and aasong. 
No better Bnecesa is mot in an attempt to locate gelang, 
gaUeng, and golong, and the supposed derivatives of these 
words ctUong (kulong) and cutw (kulu), as parts of plant 
names in Heync’s lon^ list In view of this evidence I am 
unable to accept Bokliuizen van den Brink’s sugfrested ori- 
gin of gvlrmg tsjuisju, culong tsjvtsju and culu tsjulsjit as 
corruptiouH of pure Malay words (p. 127), bat rather con- 
sider that they are merely corruptions of the Mexiean- 
Philipplne kalaehuchc 

The frangipanni, temple flower, or graveyard flower. 
Plumeria anitifolia Ait , is now universally distributed lu 
cultivation in the tropics of both hemispheres It is in- 
dnbitably o native of Mexico. IVhat light does eopipara- 
tive philology throw on its introduction into the Old WorldT 

In Java the tree is knonn by various local names includ- 
ing kambodja, sambodja, setHhodja, ijampaka bakul, Ijam- 
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paha nialdja, tjampaka sabakid, tjompaka bakid, tjompaka 
maldja, und tjompaka aabakul. Kambodja aa a plant name 
waa derived from Cambodia, a place namo, the latter de- 
rived from Kambu, mythical founder of the Khmer race; 
it ie certainly Hnnskritic in oritrin. It seems to be evident 
that it was applied to the Plumrria in various parts of Ma- 
laysia under the impressiun that the plant came from Cam- 
bodia; and indeed it may well have been introduced into 
some parts of Malaysia from that country although it is 
not native there, nor is there any evidence of its ancient 
cultivation in Cambodia; the only recorded names 1 have 
been able to locate fur Indo-chinn are co koc don, cay dai, 
and ttompa (the latter a vnrmnt of champaka). In the 
Philippines wo find a parallel in the application of the 
names aknpulko and kapurko to Cassia alata Linn, the 
name derived from the Mexican city of Acapulco whence 
the plant was introduced into the rhilippines. Similorly, 
such Philippine plant names as kauayan sinu, bunqa china, 
and kapas aanglat (from Chino, or of the Chinese) indicate 
the belief, not always true, that the plants to which they 
appertain came from China- Such names are common m 
Maluysio, lleyne listing perhaps one hundred Thus fur 
plants of stru-ily Amcrtram origin we find momla and ito- 
ijang mnnifa (Arachis hypogaa Linn.), soii’o nianila {Ach- 
ras sapola Linn.), nangkamamla {Avnona muricata Linn.), 
k% mamla (Cassia alata Linn.); kake djawa (djaiva = 
Java), o'liti djawa, mcerte djawa (Cartca papaya Linn.), 
(rbi djaiva, lame djawa (Ipomcca batatas Poir.), panda 
djawa (Ananas camosa Merr.), pandang djawa (Agave 
ranlala Boxb ), katabi djawa, sabrang djawa, kentang 
djawa (Solanum tuberosum Linn ), snkaja djawa (Annona 
muricata Linn.), tern djawa (Zca mays Linn.), kamjii 
djawa (Bixa orellana Linn ) ; ketepang tjina (Casata alata 
Linn ), lehice tjtna, njtba tjma (Ararhts hypogtea Linn.), 
abt tjtna (Ipomcea batatas Poir.), med^awiilc tjina (Mararda 
arundinacea Linn.), and petenj tjina (Leuema glauca 
Benth.). Not one of these names indicates the true geo- 
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graphic origin of the plant oonucined Other geographic 
uoniCH aeed oh parte of plant names inclnde malaka (Ma- 
lacca), timor (Timor), halt (Bali), bandang (Dandong), 
ambon (Amboinu), etc, as well as the words kastela, htm- 
ilia, kasfera, katda, and Jude Jcastila (Oustile), indirating 
some connection or assumed connection with tho Spaniards. 

It soems untirrly safe to conrlnde that the application of 
the name J^amhadja to Plumeria in Malaysia only indicates 
a plant of exotic origin that was merely thought to have 
come from Cambodia, but not necessarily one of ancient 
introduction. It is interesting ui this connection to note 
that slight variants of tins word are used fur other intro- 
duced species wholly unrelated to Plumeria, such as kam- 
bodjo, Jtarambodja, and katatubodjo {dttrullus rulgaris 
Schrad.), and Jeampadja (Oarica papaya Linn.). 

The tjampaka senes, in my opinion, merely represent 
borrowed names adopted, with inodiflers, from the Han- 
skntic champaka, as was the case in India (p. 133). There 
18 no evidence that knmbudja was ever used by Ranskiilic 
peoples as a plant name 

In the Philippines where the Plumeria was introduced 
from Mexico by the Spamards in the sixteenth or early in 
thu seventeenth century, it is vvry widely known os kala- 
chuche, some of the Philippine variants are halachuchi, 
kalaausi, kalasutst, Lalancchc, karachucha, lalasa/ii, kala- 
ftulgi, and knratuche Those arc all slightlv modified 
forms of the ancient Nnhautl name kalaohuchl, in Mexico 
The name was introduced into the Philippines by the Span- 
iards with the plant itself. Among the forms used in Mex- 
ico today are sneh variants as caealoxochitl, cacalosuchtl, 
eaenlnjorhe, jacalogucbil, guehlarahue, and tl^axoehill, all 
cognate forms of its Nahautl name, oven as the lesser vari- 
ants in thu I*hllippineB wore derived from the same source. 

Mercado,' writing in the last third of the seventeenth 
century, eategorieally states under calcKhvche “Aunque 

■ Mercado, L Ubro do medlrinw do etta tterra y doolarB«iom*t de 
vlrtudaB d« ko irbolof y pUotaa otidn oa eotao Iilao FlLpm/u Tllonro, M. 
Wl Filip, Pd a, 4 (2)' I-tL 1-43 1880 



SiaNiriCANCE OF ORIBSTAf, PLANT NAMES 131 

uHle firbol no oa de cafa fiorra, aino trnido do la Niieva 
Eapana, hay ya tanto nqnt quo no hav piioblo dondo no le 
hnya." Thia waa porhapa written not inure than a htin- 
drod yearn after the plant waa inlrodnood into the Philip- 
pinea and by on individnal bom in tbc Phihppinea in 1640 
and who dnubtlcaa waa familiar with tho plant from hia 
early youth. The Spaniards oommenood active coloniza- 
tion of the Philippines, operatinK from Mexico, in loGo 
(^amoll ’ slightly later merely deMonbes it as CacalaxorhUl 
3/vj-icatia, but does not definitely state that it was Philip- 
pine olthnngh we mav infer that (Ins was the ease, other- 
wise he hardly wonld have described it in a work on Philip- 
pine trees. Bumphius * states regarding this plant as it 
occurred in Ambnina “Vidotiir primum ex t'amhodja 
fuisse deduetuB, unde & iiomen ohtinnit, ac forte primum in 
Ternatoiu per Sliiensus mereatores, unde ante paucos qnos- 
dain annos m Amboinani dclatus est, in Java tamen nhisqne 
locis liidem obourrit. AUi dicunt in Manilhis quoque rope- 
nil, atque inde cam subseqnonti fluro fPlos mauilhanus = 
Tabfrfutemofitana d*varu;ata B Br J in Tematam fnisso 
deduetum " This is a mast significant statement. It 
should be remembered that the Spaniards captured Temate 
and Tidnre in 1609 aud maintained control of these islands 
over fifty years, operating from Manila. Compare also 
Knmphins’ statement that the plant was then (iibout 1670) 
u recent introduction into Amboina with Mercado's state- 
ment that in the last half of this same century there was 
scarcely a town iu the Philippines where the plant did not 
occur. 

Heyne records abont forty different names used in Ma- 
laysia for this species, many of them in the kambodja and 
tfempaka series, and all or mostly borrowed ones. It is 
significant that in Celebes, Ternatc, and in Ceram, islands 

t O&bmU, Q J' D««rrlpttonoB fraUciun k arborom Luftovi^ In Raj, J 
3int Pt t 8. App 78. 1704 ^ThU raunirript Vm Mmt to PoUvor In 1701, 
BBd WMH probablj wnttofi In Ui« but doeodo of the rntreoloenth oenlurj ) 

^ R n ap b i B ii O B. norbarlom Aaboinen^o, 4 M) | 1743 (TW 

manuMrlpt raut tinre bMB wrlttoi before 1070, tba date wlwn Bumphiaa be 
camp bUad, Anal copj of thb part of it woi mado in 1690 ) 
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to the south of the Philippines (and Ternate and Tidore 
were actually occupied by Spain following 1609) we find such 
namcR as the following in actual use today: hiratast, kolo- 
ijeeija, kalascesa, kalansiesoen, kalongaaaee, and aaja kolo- 
tjeetja Those are apparently all derived from the Mex- 
ican-Philippine kalachuchc, the name trunemitted sonth- 
ward from the Philippines with the plant itself. One can 
scarcely credit Bakhnizen van den Brink’s belief (see p. 
127), in view of this evidence, that the cognate forms 
gvlong tajutaju, kulutajulaju and knlnnglajutaju mentioned 
by him are of pure Malay origin 

It is improbable that the Portuguese introduced this 
plant into India direct, first for the reason that they had no 
Mexican contacts, and second because Bhecde tot Draake- 
stem does not describo it in his monumental work on the 
plants of Malabar (1678-1703) Had the species been of 
twelfth century, or earlier, introdnetion into any part of 
tropical Asia, it is certain that it would have been generally 
disseminated m India shortly after such introduction. 
Surely if it occurred m Cambodia or m Java at that time, 
it certainly would also have been introduced into India and 
into Aiubuina, yet we have Bumpbius’ statement that it 
was only introduced into Amboina shortly before 1670. 
The fact that Bhcedc tot Draakestcin did not illustrate and 
descrilK! it is distinctly conclusive evidence against the oc- 
currence of Plumerta in India until after its introdnetion 
by the Kuropcans sometime after 1700. On the whole it 
seems to lie highly probable that it reached India from the 
Philippines, having been transported by some retiiming 
traveller or merchant. 

Such Indian names as gulachm, gutachin, and golainchi 
are suspieiously like its modified Nahantl kalackuche as 
used in the Philippines, and I snspect are but cormptions 
of it. This then would be merely another cose of a plant 
introduced into a new region with its original name some- 
what modified. The longer series of names used for this 
plant in India exactly parallel the Javan series derived 
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from champaka, and include such forms as china champar, 
gorur champa, catchampa, c?Mmpa punpar, khair cliampa, 
dolochampa, dolochapa, goburchamp, khad-champo, rhw- 
ruarhapa, and rhadachampo. The “ champa " and cog- 
nate forms of this part of the names is from the vernacular 
champa or chambac (Sanskritic champaka), properly the 
nuiiie of the mngnohneeons Michelia rhampara Linn. In 
India and in Java, this local name, with inoditlers, was ap- 
parently applied to the introduced frangipanni bccanso of 
one aiimlar character common to the two totally diiTerent 
plants, the very fragrant dowers The names used for this 
plant in most parts of the Old World, other than the cor- 
ruptions of its Nahautl kalachuche, are merely borrowed 
ones, nndonbtcdly indicating an i ntroduced plant for which 
it was desirable to coin a new mime The 'evidence from 
early TOuropcan accounts, early ICuropean trans-Pacidc con- 
tacts, and that of its local names in the Old World, to me 
point nncqnivoonlly to the introduction of this plant into 
the Onent by the Spaniards via the old Acapuleo-Manila 
trade route, sometime after 1565, and its dissemination into 
other parts of the Old World tropics from tho Philippines 
My response to Bokhuizon van den Brink’s positive 
identification of tho crude twelfth century Borobudur relief 
OS refiresentiug kawbodja -Plumeria acuminata Ait is 
that this greatly oonvontionalized figure does not repre- 
sent a Plumerta, no other tangible evidence existing that 
this plant occurred in Java before it was introduced by the 
Earapeans not earlier than the seventeenth century, and 
that the figure may in all probability bo merely a crude and 
greatly conventionalized attempt to depict Tabernecmnn- 
tana dtmncata (Linn.) B Br., a species which probably 
^as cultivated in Java when the Borobndur temple was 
constructed, or even a more crude representation of the 
very common Murraya panuntlata Jack. As 1 see the pic- 
ture the botanical, historical, and philological evidence is 
wholly opposed to the introduction of Plumeria into the Old 
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World before the letter part of the Eoxtecntb or the early 
part of tho aeventeeuth century. 

Htbisnu ttUaceus Linn. 

ConclusioiiH drawn from i>artial evidence arc frequently 
Tint ruat worthy Aa an iUuatrntion of this point tho case 
of Ilibitnis liliareus Linn la illuminating. In 191R 0. F 
and n C Look* oxtenaively diacuaacd Ihia apociea making 
the remurkablr statement “as with the coconnt palm and 
the Bweet potato the waho fitnirca more prommcntly among 
the I’olyueaiana than among the natives of tropical Amer- 
ica, oUhough the Atneftean origin of the plant is even more 
clearli/ mdiratcd” (italics mine) They erronoonsly na- 
humed that it was a cultivated plant in the Old World and 
a wild one in America. As a matter of fact it occurs nat- 
urally along the atraiul throughunt the tropica of both 
heraiapherea and uiuiiiestionablv attained its world-wide 
distnbntion some millions of years before man became a 
factor in plant distribution Ita seeds are ideally adapted 
to diseeminatiun by flouting in salt water, as the bard seed 
coat ie impervious and Iho seeds float indefinitely. Guppy ’ 
inclndes it in the list of those littoral plants whose seeds 
“ float for months.” I know of no records that indicate 
just how long they will float and still retain tlieir viability. 
In boine regions it occurs in dense thickets inland, and in 
parts of I’olynesiB it was formerly planted. Its relative 
prominence as an economic plant in Polynesia was due to 
the fact that in many islands it was the only or chief eource 
of fibres for nets and cordage. 

The basis of Cook's argument was apparently the simi- 
larity between its vemacnlar names nuiho and mahagiia in 
tropicid America, and its Polynesian names in the hao, mao, 
man, van series. They erroneously assumed that it was a 
wild plant in tropical America and a cultivated one in the 

' Oooki 0» ABd B> O. The Xaho or ICBba^iiB m b TrBU'PBcldo Pliat 
yo%r Wtuhinffton Aead M , 8: 153-170 1P18. 

*OilFP 7 i B. S. ObBPTTBtloiia of B NBtamllBt In tlw> pBe^flr betworn 1506 
ftnd 1800 SfeA Di»pfr§at, 8 US 1006 
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Old World They wcr<> intrigued to find support to n gon- 
rral iLosis of iiii parly wstward migration of peoplos and 
callnrca into Polvnosia from tropical America Aa with 
O. F. Cook’s curlier argument based on the origin and dis- 
persal of the coeuiiut, his eontentions and runelnsions fail 
Id eonvinec the investigator who considers both sidoa of the 
argument, and ran only be classed os a failure whether 
judged by the points that were assumed to support the the- 
ory, or by those data opposed to it that were not cited 

What 13 the contribution to the problem from compara- 
tive philologyl We admit at the outset a siniilnTity be- 
tween the Amenean and the Polynesian names, but is this 
similarity moio than accidental What do we find as be- 
tween the Iiido-Idnlnvsian and Polvnesian names f It was 
assumed hv Dr Cook that the similunties lietwocn the 
Amenean and the Polynesiuii names were cotirlustve, but 
that cortiun names used in Fiji, Onam, and the Philippines 
might not belong in the ma/io senes I liolievo both ns- 
sniiiptions to be wrung The nuiiierons Maluvsiun names 
wore largely ignoriHl but it was adiiiitted that those used in 
Madagascar and in neighlioring islands appeariHl to be 
connected with the Malaysian and Polynesian serios. 

The Higniflcant recorded Phihpjiiiie names for this plant 
are baffo, balibayn, halobago, malabago, malabagu, malam- 
bago, mayambago, mnlahago. Of these malabago and bah- 
hagu are the most commonly used ones Signiflcont names 
in Malaysia are balebtrang, halveb, halo, baa, bieolc, bagae, 
hahee, bara, bara- bhetidcr, bara-ch, boce, foes, hala, hacet at, 
hara, bobarcr, kahmbawnn, hawaaan, kelambtroen, lago, la- 
magae, molomhali<F, molumbagee, molowaha, molowaga, 
hawk, airaen, wahve, wav, warcc, waras laxt, wara leaga, and 
wara lengis; in Madagascar and neighbonng islands baro, 
far, varo, van, four; and in India banta, barta, bola. In 
vnrions parts of Micronesia and Polynesia, we find the fol- 
lowing: Aaw (Hawaii), aw (Barotonga), fau, hurau, au (Ma- 
katen), /ow fafinc (Funafuti), /aw, fart to (Samoa), pwrau 
fan (Tahiti), raw, vau dtna (Fiji), karoo (Ponape), fau 
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(Bapa), hau, fan (Marquoitas), puran (Tuamotus), and 
pago (Guam) 

The only conclnition that I can draw 18 that the wholo 
gericg of Indian, Maacarene, Malaysiaii, Philippine, Mioro- 
neaian, and Pulynceian names for this ubiquitous pantropic 
strand tree are cognate forms of one word. 1 suspect that 
the root of this word perhaps originally appertained to bast 
fibres, or to a plant that produoed strong bast fibres, and 
that its application was gradually extended not so much to 
those species that roseinbled the original, but to unrelated 
forms that produced bast fibres. In support of this con- 
tention hago IS a Philippine name very widely applied to 
Owetum gnemon Litm., a plant that produces one of the 
strongest bast fibres ; malabago us applied to ITihxscus tdi- 
aaius Linn is literally ‘'false bago.” In various parts of 
Malaysia Onetum gnemon Linn, is known under such names 
as at howa, at aowa, ambong bagee, baga, baka-hakw, ban- 
ga, and bltnago, waha, wogv, wa sowa, cnealt, wait, ta amw, 
awwa, lot, with numerous other local names unrelated to 
this series. 

Again in the Philippines we find the same root in widely 
usetl words for certain thymeleaceons representatives of 
Wtckslramta and Phalpria that have strong bast fibres bnt 
which otherwise do nut in the slightest resemble Qnetum 
gnemon Linn., or Htbiacus Ithaceus lann. , such names in- 
clude hago, ban, salago, baleo, and palupo In Polynesia 
we And Wtckalrwmta known as o’ovau, oaao and oaao-ao in 
Tahiti, auo-era in the Marquesas Islands, and a Phalena 
known in Samoa os sunt vao. In other parts of Polynesia 
quite dillcront names are used, such as afaa, akai, akia 
kavle, tao wap (the first part of which I suppose may bo as- 
signed to the vao series) and in Palau as ongai. And it is 
perhaps significant that in India curtain names of Daphne, 
another thyraeleaccous plant with strong bast fibres, are 
set buruwa, satpura, ehedbarwa, haltra, bhalua, and barna. 
Is not our common .American name fur Ttlta, bass wood^ 
bast wood, a parallel casef I believe that the recurrenoo 
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of tliiH form to represent plants wholly dissiiiiilar, except 
in prodnemg strong bast fibres, is supporting evidence for 
the contention that the original word appertained essen- 
tially to bast fibres and became applied to various plants 
that produced strong bast fibres. 

As Hthisrvs ttliaceua is essentially a plant of natural 
distribution, as opposed to one distributed primarily by 
man, the only logical conclusion that one can draw from the 
evidence of comparative philology is that the name, often 
more or less modified, was carried from west to east by an 
early migrating or expanding people of Indonesian stock 
and applied to the plant found growing naturally in all or 
most lands that these ]ieo))le reached. These migrating 
peoples 111 many eases found in their new homes no better 
fibre material than that jneldwl by this Ihbiacua, and con- 
tinued to call the plant by the name with which they were 
familiar in the lands whence they came. Forms of the 
sumo name were also applied to Gnetum, Daphne, and 
Wtrksirasmia, not boeansc these resciublod each olhei hut 
merely because they produci'd strong hast fibres 

In the Philippmcs the g is the same as the r of the RQIl 
law ' which is as well established for these languages as is 
Qrimni’s law for the Indo-Fiuropeiin ones. Tins law ap- 
plies to certain consoiianla in Malaysian and Philippine 
languages, in initial, medial, and final positiuiis where with 
a reasonable degree of rcgnlarity one consonant is substi- 
tuted for another, and at times certain ones arc eliminated. 
Indonesian linguistics postulate the existence in the arohaio 
mother language of a sound which was pronounced ui vari- 
ous ways and which accordingly now appears in different 
dialects in various forms. These are B, 0 , H, T, and L 
This is illustrated by the Indonesian word for vein or root, 
appearing in different dialects os urat, ugat, uhat, uyat, 
uial, uwat and uat. This chameleon of sound appears to be 
present in the word bago and nobody should be surprised 

I Oonut, 0. B. Th* BOH Law In PhlUpplna Langiugca Jour, A m 
Orlnlol Boe. Sl: 70-M UlO 
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to find it nviuinn^ in suoh foniis aa bare, bdho, bayo, bah. 
bdwa, bao, otu. 

From u puroly philological standpoint a very weak spot 
in Cook’s argument is the expressed doubt that the Fijian 
vahu (it should be uau fide Mr. Sydney Bay), the Philippino 
baltbago, and the Guam page belong to the waa senes. The 
elimination of tho oonsouant in the Polynesian forms is ex- 
actly vhnt wc might expect to And if the theoncs of com- 
parativu jihilologists be reasonably eoireot, and 1 see no 
reason for doubting the validity of their eonclusions. One 
does not have to be an accomplished comparative philolo- 
giht to realm* that tho Malaysian and Polynesian languages 
arc closely allied, perhaps tho most noticeable differences 
being in the oliminalion of certain consonants in Polynesian 
speech. 

Sanskiiitic I^lant Names ix Mauavsu amo the PHiurPOiKs 

A considerable number of plants are today commonly 
known in Malaysia, incloding tho Philippines, by bnt 
slightly modified Banskritic names. In view of the fact 
that the Malaysian languages have no general relationships 
with ancient Sanskrit, what is the Bigniflcance of these 
names T Most of the plants to which they are applied are 
exotic, os far us tho archipelago is oonoemod, but at least 
two species are indigenous. Among these plant names that 
1 consider must bo interpreted as of Sanskritic origin are 
the following • 

Stdasi (Sansk. tuloit) a name widely applied to several 
species of Ocimnm in the I'hilippines and in Malaysia La- 
som (Hansk. lasvma, ra»ona) in the Philippines applied to 
the common onion (Alliufn cepa Linn.), with many cognate 
forms in Malaysia. Malisa (Bansk. martcha) applieil to 
the black pepper (Piper aigrttiM Linn.) in the Philippines, 
with nntnerous cognato forms in Malaysia. Kackumba 
and kasobha (Sansk. kasvmbka) munes of the safflower 
(Carlhamus Unctonus Linn.) used in the Philippines with 
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cogrnutc foriiiM in Malaysia for thia introdacrd and culti- 
vated plant. Malunggai (Sanak. marungi) the common 
Philippine name for the horeo-radiah tree (Mormga ole- 
tfern Tiam.) with cognate forma in MalnyBia. Kastvii 
(SanaL latahasturtka) a Phihppine name for Abelmoschus 
moschatus Medic. {Ilibtscus abelmoBchus Linn ), with cog- 
nate forms m Mnlayaiu JIutha (Sansk. mustaka, Hindn 
tiivlha) used in the Philippines for a ubiqnitnna woody 
sedge {CypfTus totunAuH Linn ), with tttnia in use in Java 
and w«ta in Oelohca. 1‘alola (Sanak. patola) la the PhiLp- 
pine and Malaysian name for two apeciea of the diahdoth 
gourd {Luffa) , the Sanakritic name lielonga with Tneho- 
santhes, anolhor genua of the aaino family. Champaka 
(Sanak champaka) la a coiiinioii Philippine and Mnlayaian 
name for the introduced and cultivated Michelia champaca 
Linn, naii/iuli (Sanak qaniaauh) is naed in Mindanao for 
the introduced Uedgchitm rorattnnum Koenig, with cog- 
nate forma in Malaysia. Lagundi (Sanak wrgiivdt) in va- 
I ions forms is oomnionly apphod in the Philippinos and in 
Malaysia to both Viicx nequvda Liun and V. tn folia Linn. 
Daua (Sanak f/oi o barley, or perhaps originally “co- 
real”) is the nsnal name in the Philippines for the culti- 
1 ated Italian millet {Setana ifalica Beuuv ) with cognate 
forma in Malaysia, in Malaysia it is also applied to other 
cultivated cereals such as Andropoqon sorghum Brot, and 
in Sumatra to Klevsmc coracaua (luortn as djaba Thia 
root is apparently the source of the place name Java, indi- 
cating a rich agricnltiiral island The list of Sanakritic 
plant names in Malaysia could bo considerably extended. 

As these species occur in the Philippines and in Ma- 
layaia, at least six are normallv found only in cultivation, 
the onion, black pepper, safflower, patola (as to the culti- 
vated forms, but forma of I/uffa cylmdrica M. Roem., com- 
monly occur as wild plants), champaka and Itahan millet. 
The Moringa is semicultivatod, rarely, perhaps never, truly 
wild. The Uedychium, is both cultivated and naturaliaed. 
Various forms of Ocimum are planted and also occur aa 
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caBuuIe m and about towns and eottlemonti The Cyperua 
and the two specteij of Vitex are true natives, or possiblv 
one, Vitex negundo Linu. is an introduced plant The 
Abelmoschus is evorywhore iiaturalized, but is iiianifestly 
an introduced plant Wc are thus, for the must part, deal- 
ing with a Henea of introduced plants, several of which are 
entirely dependent on man for their continued existence in 
the Archipelago. 

The moat logical explanation of the ooourrenoe of these 
plant names in the Archipelago is that these exotic speoiee 
were iiitrodured from India with their original Sanskritic 
names at the time of extensive contacts between India and 
Malaysia. Tt is definitely known that advanced Indian peo- 
ples visited the Malay Archipelago in the fourth and fifth 
centuries b c. Lator they colonized (he region, this e.oloiiia] 
venture eventually culminating in the establishment of the 
empire of Sri-Vishnya or Sri-Vijaya in Sumatra, dominant 
from the seventh to the twelfth century. This Sumatran 
empire, at the peak of its power, embraced much of the 
Malay Archipelago, except parts of Java, the Lesser Sunda 
Islands, and New Qninea. It colonized or controlled the 
Philippines and had outposta in Formosa and in Hainan, 
even collecting tribute from Ceylon and from southern 
India 

This Sumatran state was gradually undermined and 
finally sujieraedod m tho twelfth century by the growing 
Javan state widely known as the Empire of Madjapahit. 
This Empire dominated the entire Malay Archipelago, in- 
cluding the PhiLppinos, and even extended its influence to 
New Gmnea. Its power was broken by tho introduction of 
tho Mohammedan religion and its rapid spread in the fif- 
teenth century.' It was during the period of dominance of 
this old Javan state or empire that the great temple at 
Borobudur was oonstmoted, this dating from the twelfth 
century. 

• Bayti, B. O Ths PhlllpirtiiM Mora MogelUn. I Tho mndu la 
lUlBjnU. Ana, 91: SSl-MS mi. 
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Wo thus have a logical explanation of the oocurrence of 
borrowed Sanakritio names among an alien people. There 
is no reason to suppose that these plants, so far as they are 
introduced ones in Malaysia, were introduced from India 
with their Sonskritio names by the Malay peoples. Bather 
it seemb logioal to explain them by assuining that the ex- 
panding and colonizing peoples ol India, extending their 
sway to the Malay Archipelago, took with them their own 
oultivated plants, thus introducing their own names with 
the plants thomsolvcH; and the nanios have persisted 
throughout the centuries that have elapsed since these old 
empires were destroyed, althongh practically oil knowledge 
of the ancient domination of the Archipelago by ahen In- 
dian peoples has been lost to the present-day natives of 
Malaysia. To a certain degree, wo are able to reconstrnet 
the picture of oolonizatiou, conquest, and eontrol of a vast 
archipelago by an ahen people, althongh the extant histori- 
cal data are scanty Combining what is known of the history 
of the region from 500 b . c . to about 1500 A.t>. with cc^rtain 
botamcal and philological data, wo can, I believe, assume 
that these early Indian colomzing peoples did just what 
onr own ancestors did when they colonir.i>d the eastern part 
of North America; they naturally brought with them their 
own culture, aud to support this culture in the new environ- 
ment they brought with them the cultivated plants and 
domesticated animals on which they were dependent for 
food in their old home. Where in Malaysia they funnd 
growing plants identical with those they knew in India, 
they naturally applied their own names to these plants, and 
these names, such as those for Vttex and Cyperus, excep- 
tionally were adopted for these plants by the alien peoples 
that the invaders controlled. In some cases the mvaders 
undoubtedly adopted Malaysian plant names, but this 
wonld probably he confined to those oases where speoies 
were represented with which they were not familiar in 
India. We here have an excellent example of diffusion, not 
only of the civiliziDg influences of the advanced Indian peo- 
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pics, who lu cspatuling colonized not only Indochina but 
the Malay Archipelago as well, but who in their colonial 
expansion also took with them the cultivated plants with 
which thev wore familiar at home. 

Ciu^rESE PiJiMr Ka.mb8 in tus Philtppiner 

Like the Indian iieoplcs the Chinese have had long coii- 
tinuod contacts with the Philippines, undoobtcdlv exceed- 
ing 2()00 years. While a considerable nninlier of Chinese 
words have been incorpurated in the Phibppmc languages, 
the number of plant names is relatively few, and they are 
all names of plants that occur only in cultivation, although 
one species (Dolu'hoH) is uaturabzed m certain regions. 
This paucity of Chinese plant names is probably explain- 
able by the fact that most of the Clunese visiting the islands 
have been traders rather than colonists. 

Plant names of Chinese origin, all applied to cnltivated 
plants of oxoUo origin, are as follows . lunghao (Chryaan- 
fhemtitn eornnarium Linn ), wgaoi (Apmtn ^raveolens 
Linn.), baiau (Dohehoa lablab Lum ), aitau (Vipaa ainettata 
Savi), pcchax {Brassxca pekxnensxs Rupr ), and kuchai (Al- 
lium vliffinoaum 0. Don). The Chinese word eha^ tea, is 
locally applied to Ehreha mxcrophylla Jjain., sometimes 
used a.s a substitute for tea, ami in such compounds as 
rhaatiff -bundok, and chaaHfi-ffnbnf, literally wild tea. The 
occurrence of these Chinese names in the Philippine lan- 
gnages to a certain degree parallels the Sanskritie names 
discussed above, clearly iiidieating certain early contacts 
and, of coarse, a certain diflusion of useful plants and their 
names. Some of those plants, sunh as Dolichoa lablab 
Linn., may have been introduced into the archipelago by 
other than the Chinese, but most of the plants mentioned 
are peculiarly characteristic of Cbinese agriculture. 

MexiuxN PiJLKT Names in the PmuppiNas 

The Philippine archipelago was discovered by Magellan 
in 1621. About forty-three years later the Spaniards com- 
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iiiciic«k1 active colonization from Mojdoo os a base. The 
UrHt aettlemcul wbh made at Oobu m 1364, but hix yeur» 
later Manila was aelected as the center. of operatione. To 
maintain contacts the Manila galleon ronte was oatablished, 
the shipa being dispatched anniiHlly from the west coast of 
Mexico, first from Navidod and later from Acapulco, to 
Manila, and vice versa. For about 250 years this trade 
route was maintained, being tcrnunatfxl by Mexican inde- 
pendence about 1820. This broke the lines of onmmuiuca- 
tion between Spam and the Philippines vm Acapulco, Mex- 
ico Oity, and Vera Cruz, after which the islands were 
opened to foreign trade. For much of the proreding 250 
years tlio trans-Pacifio Pbilippme-Mexioan trade had been 
largely in the nature of a government monopolv As 
throughout this entire period the Philippines were gov- 
erned more or loss as a dopendeney of Now Spain, wo 
ehould naturally expoct to find uortain Mexican influences 
in the Philippines. 

In plant names of introduced species wo find n beautiful 
parallel in the Philippines as between the somewhat shad- 
owy Asiatic contacts through Malaysia up to the close of 
the fifteenth century, and the more sharply defined Mexican 
contacts aftor the Aeapuloo-Manila galleon route was estab- 
lished Naturally the colonizing Spaniards introduced a 
large number of Mexican species into the Philippines, and 
the archipelago thus, to a certain degree, became a oontor 
in the Old World foi the diBsemination of American plants, 
both economic s])erieB that were purposely and weeds that 
were accidentally introduced. Essentially the process was 
tho same as that which T liave assnmod to bo the ease in pre- 
Spanish times when the Islands were controlled and col- 
onized by Indian peoples 

Most of the plant names that the Spaniards introduced 
from Mexico with the plants were natnrally of Mexican and 
chiefly Nahautl origin. Among them are kohtes, appUod to 
certain edible species of Amaremthua, but hero tho name 
was probably merely applied to the plants in the Philip- 
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pines; this does nut predicate the actual introduction of 
Antaranthus from Mexico, although some forms may have 
thns been introduced. Abutra is a somewhat similar case. 
This name is appbed to an Arcangcltsia in the Philippines, 
hut the word is of American origin, appertaining to the ge- 
nus Ahuta of tropical America. In the Philippines the 
name was applied by the Spaniards to a native species that 
was supposed to have the same medicinal properties as its 
Ameriran congener, it has several native names of Ma- 
liiysian origin, such as lagtang, sunui and upltg. More 
closely associated with introdueod plants of indubitably 
American and chiefly of Moxieon origin may he mentioned 
the following - kakaualc (Glmcnlui scpium (Jaeq ) Stend.) , 
kalarhuchi (Plumcrui at^tmtnaia Ait ); kamancliile (Ptthe- 
rrllobmm dulce (Tloxb.) Bunth.) ; kamote, the sweot potato 
{Ipompa batatas Poir.) ; ehikn (Achras eapota Linn ) ; 
ehiko-mamet (Calacarpum, sapota (Jacq.) Merr.) ; sapote 
(Diospyroa ebenaater Ruts.), apoaoUa (Chenopoiiium an- 
broBiOidea Linn.); kainate or tomate, tho tomato (Lgeo- 
persicum esrulentum Linn), cacao or chocolate (Theo- 
broma cacao Lmn.) ; agopana (Eupatonum trtpltnerve 
Vahl) ; mom, the peanut (Arachia hypogaa linn ) ; mami 
(Jatrapha multifida Linn ) ; and nagucg (Agave cantata 
Buxb ). Akapvlko or kapurko (Ca-iaia alata Linn.) prob- 
ably indicates the place of origin, Acapnlco, as far as the 
Philippine occnrrence of this species is concerned, quite os 
aaico mawla and other similar names (see p. 129) in Java 
indicates the placo whence Achraa eapota was at an early 
date introduced into that island, and as the Manila tama- 
rind, in the eighteenth century became a somewhat accepted 
name in India for PttheceUobvum didce Bonth , which was 
introduced into India from the Philippines by tho captors 
of Manila in 1762. 

In some cases names introduced from Moxioo with the 
plants have nndergone great modifications in the past two 
or three hundred years, as illustrated by the word kanan- 
chile (Pitheccllobium dvJce Benth.). l^ile this form is 
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oven now the moat KGUcrally naoil one lu Iho Phllippince, 
it haa varied from the ori^nal to auch an extreme aa da- 
mortis, the aerioa runmnfc kamanchde , kamatwile, kamarst- 
Im, kamunstl, kamonfrea, etc, to rhamttHis, damulkta, and 
damorlta. In thia Honoa uf Philippine iiamuH flftoen vari- 
anta are now recorded. As such a sharply dilTerentiatcd 
and easily pronounced word as kamanrhtle has run this 
Kamut of chanKo in less than .100 years, anioiiK a people 
for most of this period predominantly illiterate, it is per- 
haps understandable how we may cxikk:! other words and 
other plant uames to vary to confound the comparative 
philoloKint The species m (lucstiou is a very sharply de- 
fined one, with no near allies in the Philippines, and is a 
tree of very considerable economic iinportauuo, partly be- 
eause of its edible fruit, but chiefly liocanse it yields the 
most used tan bark in the Archipelutto. 

Most of the introduced plant names have varied but 
slightly or not at all With such variations as these indi- 
cated aliove from kamachtle to chamulUa, damulkta, and 
damortia in 300 years or loss, we can more readily appre- 
ciate the reasons for varintions in the scries of names for 
the coconut and for Uibiaciui tduucux, discussed above, and 
those for very numerons other cultivated and wild species 
in Tndo-Malaysia, for with these some thousands of years 
^arc involved. And we should remember that in the Malay 
Archipelago and the Philippines about 400 languages or 
dialects are spoken. 

As the Sanakritio and ('binese plant namos in Malaysia 
indicate early contacts and a certain diffubiun, so also do 
thr; names of American ongiii judicate contacts and diffu- 
sion, but the latter was strictly within the historical period 
of the last 350 years or so. Attention has been repeatedly 
called to the fact, for the benefit of the extreme ditfusiomsts 
in anthropology, that no important cultivated food plant or 
domesticated animal, other than the dog, in pre-Columbian 
times tranaconded the limits of the eastern or the western 
hemisphere. As the Eurasian civilizations were based on 
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Rn agricalture foundod on atnctly EnroHiou plants and ani' 
mals, and as the pre-Columbian Axnerioan civilizations were 
based on a strictly American agricnlture in turn based on 
native American plants and animals, it seems to be evident 
that the Atlantia and the Pacific Oceans formed practically 
impassable barriers to early and late civilized man ap to 
the close of the fifteenth century. Had there been contaots 
by which the civilizations of one hcimspherc influenced 
those of the other, it is inevitable that contacting peoples 
would have transmitted from one hemisphere to the other 
some of the plants and perhaps some of the animals on 
which their civihzations wore based and by whieh they were 
maintained. There is thus a limit te difFnsion that the ex- 
treme ditfnsionists have not mcognized, and this limit is a 
geographical one, in general the boundaries of the eastern 
and of the western hemispheres. Most of the basic culti- 
vated food plants were widely distributed within the limits 
of ono hemisphere or the other long in advance of the 
spread of the advanced cultures developed in favored lo- 
calities in Eurasia and in America ; in other words the dif- 
fusion of culture failed to keep pace with the diffusion of 
agriculture, and in the extension or diffosion of both agri- 
onltore and the cultures based upon it there were definite 
geographic limits that were not transcended until the close 
of the ^teenth century 
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TIm Johni Uopkliu Unlfi-niltj, Sometinu Waltiir Bathhoog Bacon Sebolar of 
Uw Bmlthiontnn InitltuUDn, nnd Fallow of tho Nntlonnl Boooucli Conndl 

AMTUcr 

A itndy of tho fmli water ud tcmctrUI moUiuca u a ropmentatlTa 
group of anlniala of tho Snb-Antlo Begiou, with tho object of gaining Inilght 
Into the hlitorj in natnin of nuh a group which hai recently migrated Into 
rlrgln territory Thlc etndy hae beea baaed on Odd work by the aothor In 
Cauda daring In northern Ada In 1939 and 1993, and la Fenno- 

eocndla during 1994, aupplementad by cxainlnallon of the l•ul^Ntlonl In many 
Enropetn and Anerlean muaeomn. The main renulta and eoneludoni are oe 
fnllown 

1 The mollniian fauna of the Hub-Aretle Beglon la made up of two hun- 
dred and twenty dvo apedeo and rurloilrw One hundred and acrenty of tbeee 
Inhabit freali water, and the remaining fifty lev ate torreatrlol Thine epedea 
are drawn from a wide rarlety of different phylogenetln groupa It appeaii 
that the fauna la made np to a eendderablo extent of especially hardy repre- 
sentatlree of gronpe which are found in greater vorlrtr In the terrltorlee lying 
further to the oouth. There iri in addition a very few famlllea, aueh an the 
LynumAdm, whleh appear to And ronditloua In this region apcrlally tarurable, 
and ocrar la gnat abundanre 

2 The geographical afflnltles of the Bnb-Arctio fauna are ai follows in 
both Ruraalu and North America the Bob Arctic fnnna la cloecly akin to that 
which Inliabita the temperate aene pertlona nf each continent reapeetlrelyi In 
adiUllon to this then an a number of aiwlea which are ehamoterlstle of and 
sonunon to all parts of the Bub Arctic Region It appean therefore that 
there bare beea two aerlaa of mlgraUuon In this region, rla (I) from south 
to north In both Buraala and North Amerlea, and (11) In a elreamboreol dl- 
rertloa, by way of an latbraua in the neighborhood of tho Behring Btralt from 
North Amorlea to Enrnain, and im vena, nnd also poaoibly by way of an 
lathmus In the ndghbarbooil of Oreoslaad 

I The dlatrlbutlon of both fresh water and termtrlal apeclen within tba 
Bnb-Aretle Bsglan is govorned largely by olimate and the nharaeter of the 
vegetatloa. Both of thcae facton hen far reaching direct and Indlreet 
affocta. 

4 There hu been name modldratlon of the orlglaal moQuaean atoeh alnce 
Ita migration Into thia region, but the amount of change la ■wall In eomparlaon 
with that wUeh has bean ohnerved in other porta of the world whleh have a 
warmer ellniata than that of the Bub Aretle. Some speeice have undergone 
little ehangei while otbera have beea profoundly modified In eartain Inntanoci 
the change appears to have renulted from a rearrangement or aagregstlon of 
gonatls factors whleh are pmaoat In the bulb of the population, rather than a 
change of a fundamental ebaiactar Qartaln aporlaa whleh attain a ronaldar- 
able alae In the tnmporatc aona an raprsaeaM In the Bub-Aretla by dwarf 

noranniat or m sMBirag PRndwoPinaaL aoniTv, 
m. 79, na 1, ommm, 1917 
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vtiieiles. A Terj few totally durtlnrt iip«cU*a appear to hava had their oiigla 
la ttw flab Arctic Refcloa 
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IV The VarlatloD of flotne Snb Arctic hlollnaea 377 

V tkmrloiilunii 1B7 


I. 1 NTBOUrCTlOX 

Thr Snb- Arctic Bef^on lies betwoen what are commonly 
known HR the Temperate and Frigid Zones. More speeifi- 
eally it may bo defined for the puritoses of this account aa 
Ibe territory lyinff between the fiftieth parallel of north 
latitude and the Arctic Circle. It thus ineludoH pnHs of 
northern Asia, North Amenea, Knropc, and Greenland. 
OhviouHly thiM definition cannot be applied too literally, 
since in eei tain places near the sea coast, notably in north- 
ern Kurope, the Teniperuto Zone extends much further 
northward than in the interior of the great continental land 
inasses 

Sonic question may arise as to whether this territory 
possesses any noteworthy features which are peculiar to 
itself A consideration of the matter, however, must lead 
to the conclusion that aueh a condition does exist. As far 
as the fauna is concenied, there is a point in the neighbor- 
hood of the fiftieth parallel of north latitude at which a 
relatively rapid change takes place. Thia may be regarded 
as the Boutheru boundary of the Sub-Arctic Region. Here 
within a few degrees of latitude many species of animals 
which have a wide range in the aoutbom and central parts 
of their respective continenta disappear from the fauna, 
and their places are token by other fonns, which in many 
instances have only a limited distribution lu the south, or 
do not occur there at all This change from a southern 
and central fauna to a northern one appears to be a more or 
less direct reaction to the severity of the climate, and in 
some instances at least, is believed to be brought about by 
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a 1*68171011011 in tho Ijiioa of habilat available. Largely an 
a reanll of Uiia oondition, the outalandinf^ oharocteriBlic of 
llie Snb-Arclic fauna is Ibe prcdoininnnco of a hiubII num- 
ber of HpecieH of oacli of the clasRpR of aiiinialR whieh are 
reprcHcnlcd in the fauna Theao RpecioR appear to he well 
Bulled to life nnder a wide ranK<> of conditionR within the 
lepon; oeeur in large iiuinberR of individuulR, and in dif- 
ferent partH of then range may t>plit up into diRtinrt local 
raeOR 

Foi Rovcral yeara a atudv has lieen made- of the freah 
water and terrcRlrial innlluRca ur a roproHontative group 
of animala in the 8nb-Aictic Region, with the object of 
(•aining Rome inRight into the hiatory in natiiie of Rueh a 
group which has recently migrated into virgin territory 
In this counection it may l»e mentioned tliat the greater jiart 
of the Sub-Arctic Region has boon subjected to severe 
glaciation within relatively recent times, so that tho pre- 
viouHly existing fanna was oxtorniinntod The qucRtions 
to which attention whr dirwted in the course of this iii- 
vostigatiou were as follows 

1. What 18 the cniistitution of tho Sub-Arctic iiiolluBC 
faunaf 

2 From what geogiapliical and ph\lugeiictic sourcoR 
has it bi'cii deriveil t 

3. What environmental factors guiern the distribution 
of tho species within the region T 

4. To what extent has the original iniimgrant stock liocn 
niodifled since its migration into tho Sub- Arctic Region f 

Studies along thcHo lines were made in Canada during 
tlie period 1924-31 ; in northern Asm in 1932 and 1933; and 
in Fennoscandia during 1934. In addition to this work in 
nature, the collectioiia in certain niuscuiiiH were exaimncd, 
particularly those in Washington, London, ManchcRter, 
Copenhagen, Stockholm, Helsingfors, Leningrad, and Mos- 
cow. Thanks are duo to the curators of these iiinseums, 
and to many individuals in tho several oouiitries in which 
field work was carried out, for their aid in divorse ways. 
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Tho grant of tho Walter Rathbono Bacon Soholarahip of 
the SmithBoman Institution for the period 1932-34 mode 
it possible to carry out tho essential investigations in 
northern Enraaia, and special aoknowlcdgment is dne to 
the officers of that Institntion, and of tho United States 
National Miiaeuni for thoir hearty coo])eration. The 
author is parhoolarly indebted to Doctor Nils Hj. Odhner 
of the Nat nrhis tori ska Biksinnsect in Stockholm for assist- 
ance while studying the Scandinavian fauna; to Professor 
A. Luther of Helsingfors for help during the stay in Fin- 
land; to Doctor Chas II. O’Donoghuo of the University of 
Edinburgh for his continued friendly advice and encour- 
agement; and to Professor E. A. Andrews of the Johns 
Hopkins University, whose asBistunco in many ways has 
made possible the completion of this work. 

11. Thb ConsnTuxiosT or ths Fatjits 

The total number of species and varieties of non-marine 
molIuBos which are known to inhabit the Snb-Arotio Region 
is two hundred and thirty-flvc. One hundred and seventy 
of these are fresh water forms, and the remaining flfty-iive 
are terrestrial. This number does not inclnde Theodoxua 
fiuviatdts and ClauaUto buientata which barely enter the 
Sub-Arctic Region. 

The most striking feature of the composition of the 
molluscan fauna of this region is that while the species 
represent a variety of phylogenetic groups, many of the 
genera (even oocording to a conservative nomenclature) 
are represented in any given area by a very few species. 
It may be that these are protean forme, and that their off- 
shoots in more southerly latitudes are too specialized to 
survive in tho north. In any event it appears that this 
fauna is made up to a considerable extent of especially 
hardy representatives of groups which are found in g^reatcr 
variety in tho territories lying to the south. This fact, 
which implies a severe struggle with environmental con- 
ditions, and tho elimination of many non-hardy species, is 
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one of the Bources of interoat in this fauna. It should be 
pointed out huwevor, that this does not apply to the fresh 
water snails of the families LynmieidB and Planorbids 
which appear to bo OBpecially well fitted for life under sub- 
arotio conditions, and are found in Kroutcr variotv in this 
region than elRewhere. 

The llRts of species which are given in this chapter are 
believed to be reasonably complete. No species of doubt- 
ful validity are included. With the exception of members 
of the family Sph^riidie, actual speciniciis of each of the 
forms listed hove been exaniined by the author. 

The Interrelationship of the European, Eorlhem Astatic 
and North American Pouhos 

Sixteen species of non-nianne iiiollasca (10 torrestrial 
and 6 fresh water) have a circuniboreal range, being found 
in Europe, northern Asia, and North America. The ma- 
jority of the species which inhabit the northern part of 
Asia are identical with those found in Europe. There are 
a few endemic species and varieties in the northern part of 
Asia (c g , Lymruta easurnensts, L palustris sartdalensta, 
and V<Uvata antiqwhna) but most of these are closely re- 
lated to well known Eurojioan forms. Apart from the 
circumboreal species mentioned above, the mollnscan fauna 
of the far northeastern part of Asia has distinct afimities 
with that of North America Examples of this arc as 
follows . 

(i) The oocurrence of PUiuorbts involvts, a common North 
American snail, as a fossil in the Chuckchee Pen- 
insula, Siberia (see Mozley 1936). 

(li) The occurrence of a species of Ancylus (A. coloraden- 
Sts) in the Rocky Mountain region of North America. 
Apart from this the genus Ancylus is known only 
from the Palcarotic Region. 

(ill) A number of spedes of land snails are said to occur 
on both sides of the Behring Strait (Dali 1905). The 
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HprieR of speciiiieiiR from this region which have been 
(‘saniinod In the courHC of this inventif^lion have 
been too Rmall to nerve oh a basis for a critical opin- 
ion 

The niollunean fauna of North Ainorica is charactcr- 
iz(>(l by the presence of iiumorouR specieR and varieties 
which do not occui in Rnrope and northern Asia There 
iH comparatively little evidence of a direct relationship 
lietween the fauna of North Anierica ond that of Kuroiie 
However, a common European land snail, Ilf hr horfrinis, 
18 found in Labrador, Newfoundland, and nlso on the 
North American mainland for some distance to the south 
It ie known from PloiHtcK'cno deposits in the State of Maine 
As thiR HpecicR is not known to occur m northern Asia, and 
would hardly havo been overlooked if it did occur there, its 
preaenco in North Airieiica is difficult to account for except 
on the basis of a former land connection between Europe 
and eastern North Amcriea Tlie oxistcnco of a land 
bridge connecting North America and Asia in tho noigh- 
borhood of the Behring Strait on one or more occuaious in 
the past may be regardwl as extremely probable 

Catalogue of Hub-Arctui MoUmea 
I TEBRE8TBML HPFX’IER 
Class Oabtrocoda 
Order Pulmonata 
rainily I'npillids 

1. Ntrobilop.s affinis Pilsbry, North America 

2. PupUla mitscoinm (Linm^), Europe, northern Africa, 

Central and Northern Asia, Northern North 
America 

,1. PuptUa muacorum liinrtstromi (Westcrlund), Northern 
Europe aud Asia 

4. Oaatrocopta holzingen Sterki, North America 
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Family VprtiKiniiJK 

5 Vertt/fo modcsta (Say), Europe, North AmericH, North- 

ern Asia 

6 Vertigo modesta parielalia (Aneey), North America 

7. Vertigo gouldu (Biuiiey), North Anierica 

8. Vertigo ovala Say, North America 
!). Vertigo nlpesirm Alder, Europe 

10 Vertigo arcliea Walleiiberir, Europe 

11 Vertigo liljehorgi Wcsterlund, Euroiie 

12 Columella edentula (Draparnand), Europe, Not them 

Asia (ineludini? Japan), North Anieriea 

Family Valloniidie 

13. AcanthMula harpa Sav, Emope, Northern Asia, North 

America 

14. Vallunia costata (Muller), Eurojie Northern Africa, 

Northern Ahih, North Anienen 

15. ValloHia pulehella (Muller), Europe, Northern Africa, 

Northern Asia, North Aniencu 
10. Vallonta tenudahris (Braun), Northern Asia (also 
known aa a fuanil from (lerniany) 

17 Vallonia albula Sterki, North America 
18. Vallonia pareula Sterki, North Amei ica 

Family CochlicopidR 

1!). Cochin opa lubrica (Miillor), Europe, Northern Africa, 
Northern Asia, North Anierica 

Family EndodontidR 

20 (loni/odisrufi ruderntus (FeruBaae), Europe, Northern 
Aaia 

21. Gonyodisciui angidosus (Mouason), Northern Asia 
22 Gonyodiscua anlhonyi (Pilabry), North America 
2.3. Pynctum pygmteum (Drapunmud), Europe, North 
America 

24 Oreohelix atatilom Dali, North America 
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Family Arionide 

25. Arton svbfuscw (Draparnand), Europe 
Family Zonitidie 

2C. Zovitoules nifiditv (Muller), Europe, Northern Afruu, 
Northern Asia, North America 

27. Zuntioitle.i nrloreuti (Sav), North America 

28. Zonifotdea fTigua (Stimp.), North America 

29 Retttr/iUa radiatula (Alder), Europe, Northern Asia, 

North America 

30 Retinella bttineyatta (Morae), North America 

.11 Euconulua fulvus (Muller), Europe, Northern Aaiu, 
North America 

32 Euconvlus rherswus polyflyratus (Pilsbry), North 
America 

.13 rtinna pellunda (Mdller), Europe, Northern Aaia 
34 Vt/ritia Imptda Gould, North Anicnra 

Family Limaoida 

35. Agrwhmax krvis (MilUer), Europe, Northern Asia, 
North America 

36 Agnoltmax a^restru (Linnc), Europe 

Family Eulotida; 

37 Eulota frvttcum (Milller), Europe, Northern Asia 

38 Euloia srXrenki\ (Middendorf), Northeoatem Europe 
39. Eulota tiordenakioldt (Weeterlund), Northern Aaia 

Family Hehcidn 

40 Helix hortensia Muller, Europe, North America 

41 Fruttctcola btccdlosa (Friraldeky), Northern Asia 

42. Ananta arbuataritm (Linn^), Europe 

Family Succineids 

43. Snccinea pfeiffert Bossmassler, Europe, Northern 

Africa, Northern Aaia 
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14. Succinea putns (Liime), Europo, Northern Aeia 

45. Succinea ohlonga Drapamand, Europe 

46. .^uccinea lurgida Linn^, Northorn Aaia 

47. Succmra altatca Martens, Northern Asia 
4H Svccittea retuaa Lea, North Amonca 

49. Succinea oralia Bay, North Ameriea 
5U. Succinea groavenorx Lea, North Aiiiorica 

51 Succinea avara Say, North America 

52 Succinea avara vemiefa Say, North America 

53 Succinea hawktuai Baird, North America 

54 Succinea chrysis Woslorlund, North America 

Family Aurionlids 

55 Carijchium exile Lea, North America 

IL A^UATIO 8PECIZB 

Class Gastropoua 
O rder Pcctinibranchia 
Family Viviparids 

1. Ftviparus faaaatue (Muller), Europe, Northern Asia 

2. Campeloma decisum Say, North America 

Family Pnlndestrinidtp 

3. Bithynia tentaculala (Linn6), Europe, Northern Asia, 

North America 

4. Bithynia leachii inflnta (Hansen), Europe, Northern 

Asia 

5. Hydrnbia ventrosa (Montagu), Europe, Northern 

Africa, Central and Nordiern Asia 

Family Valvatids 

C. Valvata piscinalis (MtUler), Europe, Asia Minor, 
Northern Asia 

7. Valvata antiquilina Mosley, Northern Asia 

8. Valvata aliena Westerlund, Northern Asia 
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9. Valvatn macrostoma Morch, Europe, Northern Asia 

10. Valralfi tibcrtca Middeiidorf, Northern Ama 

11. Valvatn sibrtica fngtda Weeterluud, Euiope, North- 

ern Asia 

12. Valrata tricannatn (Say), North Amenta 
1.1 Valrata lewtsi Ourner, North America 

14. Valrata Icwtsi lirlicoidia Dali, North America 

Family Atiinioolidr 

15. Anniiriila hmosa (Say), North Ainorica 

16. Aauiirola Itmosa poraia (Say), North America 

17 Amnn-ola walkcri Pilabry, North America 

18 Ammcola cmarginata (Kuster), North Aiiicnca 

19 Aiuninila wtnkleyi moeleyi Walker, North Amerioa 

Order Pulmonata 
Fennl}i Lvninieidep 

20. Lymara slagiutliH (Linne), Europe, Northern Ania 

21 Lymn<ra stagnalis jugulans Say, North America 

22 Lt/mtura stagnalis sanctirmano’ Walker, North 

America 

23 Lymna-a stnqnnlis hUtaHcc Baker, North America 

24 Lymrara staynalis wasatchfnsui Baker, North America 

25 Lymneea rolumrUa casta (Lea), North America 
26. Lymntea megasoma (Say), North America 

27 Lymn^a auriculana (Liiino), Europe, Northern Asia 
28. hymn tea pereger (Muller), EuroT>o, Northeni Asia 

29 Lymutca prregcr ncata (Diaparnnud), Europe, North- 

ern Aaia 

30 Lymncra zazurnertsrs Mozlcy, Northern Aflia 

31. Lymrnea imlustns (Muller), Europe, Northern Africa, 
Northern Aaia, North America 
.32 Lymna-a palustris corrus Gineliu, Europe 

33. Lymnara palustrts kolgucrensts Smith, Europe 

34. Lyrntnea palustris sandalensii Mozloy, Northern Asia 
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36. Lymntca paluntrin kasakenam Mozlry, Northern Aaia 
.‘Ki. Lyinmca palualrts dravertt Mosley, Northern Ahi.i 
■'17 Lymntea paivains bolafenata, Mozley, Northern Asm 
.Id. Lymtura palualrui castorensia Mozley, North America 
.SP Lymntea rahlft (Moller), (Irocnland 

40 Lytnnaa vahhi holbollt Moller, Clreonland 

41 Lymtuca traaku (Tryon), North America 

42 Lymiura lagotia (Sehrank), Europe, Norlhoni Asia 

43 Lymntea truncalula (Milller), Europe, Northern Asia 

44 Lymntea caperata Say, North Aiiicrioa 

4.') Lymntea umbtheaia (O B Adams), North Aineriea 

4<i. Jjymntea parva alerku Baker, North America 

47. Lymntea dtiUt Baker, North Anieriea 

4fi. Lymntea modtcella (Say), North Aiiiorica 

40. Lymntea nbruaaa dcttimpi (Stienp), North America 

60 Lymntea esipua (fjea). North America 

61. Lymntea hedleyi Baker, North Aincncn 
52. Lymntea lamrata (Goold), North America 
.'i3 Lymntea t ataaeopium Say, North America 
54 Lymntea cmarginata (Say), North America 

65 Lymntea cmarginafti anyulatn (Sowerby), North 
America 

.66 Lymntea emargwata canadenata (Sowerby), North 
America 

."i? Lymntea tualkeriana (Baker), North Anionea 
68. Lymntea preblex Dull, North America 
.69. Lymntea randolphi Baker, North America 

60 Lymntea atkaen.sts (Dull), North Ameriea 

61 Lymntea glabra (Muller), Europe, Northern .^sia 
(Interglacial species — Lymntea saakatrhrwanrnaia 

Mozley, North Ameriea) 

62. Amphipeplca glithntiaa (Muller), Europe, Syria, 

Northern Asia 

Faiiiiiy Planorbidv 

63. Planorbis planorbxs (Linn#), Europe, Northern 

Africa, Northern Asia 
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64. Planorbts oomeua (Lmn^), Enrope, Northern 4 a1b 
65 Planorbis antroaua Conrad, North America 

66. PloHorbis antrosus aayi (Baker), North America 

67. Planorbts antrostu royaUnsis Walker, North America 
68 Planorbis irivolvis Say, North America 

69. Planorbis trtvolvis pdsbryt Baker, North America 

70. Planorbts Involvta kolymense Lindholm, Far North- 

eastern Asia 

71 Planorbts corpulcntua Say, North America 

72. Planorbts corpnlenttis multtcostatus (Baker), North 

America 

73 Planorbis tnfracarinatum (Baker), North America 

74 Planorbts campanulatus wisconainensts Winslow, 

North America 

73. Planorbis eantpantUafus rndentis Dali, North America 
76 Planorbis campanulaftts davtsi Winslow, North 

America 

77. Planorbts exaruous Say, North America 

78. Planorbis exacuotts inegas Dali, North Amenoa 

79. Planorbis deflretus Say, North Amenoa 

80 Planorbis an tiros Moller, Europe, Nortliern Asia, 
North Amenoa 

81. Planorbis umbilirate.llus Cockerell, North America 

82. Planorbis crista (Liune), Europe, Northern Africa, 

Northern Asia, North America 
83 Planorbis acrontrus Ferussoc, Europe, Northern Asia 
84. Planorbts borealis Lovon, Europe, Northern Asia 
85 Planorbts vortex Liune, Europe 
86. Planorbis compressus Michaud, Ehirope, Northern 
Asia 

87 Planorbis spirorbis (Linn6), Europe, Northern 

Africa, Northern Asia 

88 Planorbis johanseni Mozley, Northern Asia 

89. Planorbis leucostoma Millet, Europe, Northern Asia 

90. Planorbis contortus (Linne), Europe, Northern Asia 

91. Planorbts complanatws (Linn^), Europe, Northern 

Asia 
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92. Planorhida armtgera (Say), Morth Amoriea 

93. PUMorbvla croji/itlabris (Walker), North America 

94. Planorbula campestrta Dawson, North America 

96. Segmentma *it%da (Miiller), flnrope. Northern Asia 

Family I’hyeidE 

9G. Phyaa fotUtiudta (Linne), Europe, Northern Asia 

97. Phyaa aartlandtnenau Mozley, Northern Asia 
OB. Phyaa gyrma Say, North America 

99. Phyaa gynna htldrethiana lA;a, North America 
100. Phyaa anetUarta Say, North America 

101 Phyaa Integra Haldeman, North America 

102 Aplexa hypnornm (Linne), Europe, Northern Asia, 

North America 

Family Ancvlidip 

103. Afirylua lacustna (Linne), Europe, Northern Africa, 

Noi thorn Amu 

104. Ancylua caloradenaia Ileiidorson, Noitli America 
lOI Ferrisata parallela (Haldeman), North America 
IWi. Ffrriaata ru'ulana (Say), North Amoriea 

Class PsLKri'PooA 
Order Eulamelhbranchia 
Family Unionids 

107. Margaritana margartUfera Linne, Europe, Northern 
Asiaf (specimens not examined). North America 
108 Umo putorum Linne, Europe, Northern Asia 

109. Quadrula quadrula (Bahnesque), North America 

110. Amblema coatata Baflnesque, North America 
111 Fuaconaia /lava (Baiinosque), North America 

112. Strophitiu rugoaua (Swainson), North America 
113 Anodonta cygnea (Linn6), Europe, Northern Asia 
114. Anodonta anatina (Linnd), Europe, Northern Asia 

113. Anodonta grandta Say, North America 
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116 Anodonta fffandtf fonhava Tica, North America 
117. Anodonta Ifnaicoili Loa, North Anicnca 

lAnodonta bermffiana, Northern Aain, North Anier- 
1011 (no adequate acrioH of HpcoiniciiH availahlo) 

118 Anodonfoides fervRmnanun (Tjea), North America 
119. Lasmiffona rouiplnuaia kalhrrinte (Iiea), North 
America 

120 Tjaathigoua eoiiiprfaaa (Tjph), North Aiiiorioa 

121. Proptcra alata mct/aptria (Raftnesque), Nortli 

America 

122. ArtiHOHaiaR cartnata (BamcR), North AinericB 

123. Li/fuiuifl rorta Inliaaima (Rafiiioaquc), North America 

124. LatnpadiH venirtroaa (RarncH), Noith Atncricn 

12.'j. Tjatnpsiht sdtquotdra ronarra (De Kay), North 
America 

126. LampuliR fniperwrrtiaia (Marsh), North America 

Family Sphterndar 

127. Sphterium conieum (Liune), Europe, Northern Asia 
128 flph<rnum aulcatwn (Laiunrch), North Amenca 

129. Sph<rrium craamm Sterlu, North •America 
1.30 Sphtenum solidulum Prime, North America 
131 fiphtrrwm staminrum (Conrad), North America 

132. Spha-rtum cmargtnaium (Prime), North America 

133. Sphirrium torsntn Sterki, North America 

134 SphiFrtum acvminatum (Prime), North America 

135 Sphtrnvm vrrmuntanum Prime, North America 
1,36 ftphtmam afnalmum (Lamarck), North America 
137 Sphirruim occidentale Prune, North America 

138. Sphicrium tenue (Prime), North America 

139. Sphtrrium natatum Eterki, North America 

140 Muarvlium lai-usirf (Miillor), Europe, Northern 

Africa, Northern Asia 

141 Muscvimm iranaverfivm (Kay), North America 

142 Mufuulium tritncafum (Linsley), North America 
143. Mmrulhnn rotarcum (Prime), North America 
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144 Musrtdmm rycholli (Nornumd), Norlh Amorica 

145. Munndtvm spcutis (Primp), North America 

146. Ptsidtum amnteum (Mailer), Euroix*, Northern Afrioa, 

Northern Asia 

147 Piaidiiim astartoidfH Saiidhorjter, Europe, Northern 
Asm 

148. Pistdmni raaerlanvm (Poli), Enrojic, Northern Asia 

149. Ptatdium nUtdum Jenyns, Europe, Northern Asia 

150 Ptsidvum subtrvnratuiH Malm, Europe, Northern Asia 

151 Piatdtum hrvsloH'attvm (Sheppard), Europe, Northern 

Asia 

152 Piaidium anpiiium A. Schmidt, Enrope, Northern Asia 
15.1. Pisidmm parvulum (llessin, Euro|)e, Northern Asia 
154. Pisultuw atcctiburhi (Mollei), Qieeninnd, Europe, 

Northern Asia 

155 PiaidiuM hllp-borqii Olessin, Europe, Northern Asia 

156/ Ptsidtum eompresstim Prime, North Anienea 

157. Pisidtum fnllaz Stcrki, North America 

1.58 Ptsidtum puHilatiiiu Sterki, North Aineriea 

1.59. Ptsidtum varutbilf Prime, North Aineriea 

160 Ptsidtum ranabtlc brertus Sterki, North Amorica 

161. Ptsidtum miHuiiculum Sterki, North America 

162 Ptsidtum adamst Prime, North AmericB 

163. Ptsidtum iieglertum Sterki, North America 

164 Ptsidtum srutfllatum Sterki, North America 

165 Ptsidtum ropert Sterki, North Amorica 

166. Ptsidtum subratuudum Sterki, North America 

167. Ptsidtum splendtdulunt Sterki, North America 

168. Ptsidtum tenutssunum Sterki, North Amenca 
169 Ptsidtum rotundatum Prime, North America 
170. Ptsidtum ferrugtiifum Prime, North America 

ni Thb Distribution of tub Mollusca Within tub 
Bub-Arctio Reoion 

The rauRB of habitats within a given territory in which 
an organism can survive is to some extent a key to the 
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geographical distribution of that organiaiii. NevertheleaH 
such a priticiplo as “ Local diHtribution is the function of 
geographical diatribulion,” mnnot be HUCccBsfully applied 
in on arbitrary manner, foi apart from the possibility of 
the prcHcncu of pliyhicnl barriers, it sumctiines happens 
that the habits of an iiiiinial ditTor in direrse parts of its 
geographical range, l^iifortunatoly the information at 
present available which relates to the distribution of the 
nioUusoa is not sufficient to make it possible to follow up 
this lino of thought. 

In the following account the local distribution of the 
land and fresh water molluscs in the Sub-Arotic Region is 
first discussed from tho standpoint of general geographical 
conditions as thoy find expression in tho landscape types 
Then a brief description of tho kinds of places in which 
these animals live is given. Finally the most important 
environmental factors which govern the ocenrrence of 
those animals in any particular habitat are sumuianzcd. 

The handscapfi Typen 

The primary types of landscape met with in (he Snb- 
Arctio Region are the Tundra, Taiga, Forest-Stoppe, 
Steppe, and Steppe-Desert. These may be regarded as 
representing fundamental natnral regions in that they 
posBOSB distinctive features m tlio nature of the substratum, 
relief, climate, eoils and vegetation Well defined exam- 
ples of each of these landscapes are to be fonnd oommonly 
in the northern part of Asia and in North Amerioa, but in 
Europe, as a result of long-continued human oooapation 
they are often difficult to recognize. The speoies and 
genera of plants and animals whioh oharoctorize each of 
these groat natural regions dilTer considerably in north- 
ern Asia and North America. Some diversity, involving 
the replacement of one species by another is also to bo 
found m different parts of each of these continents. 
Neverlbcloss as far as tho form of the landsoapes is con- 
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oerned, there is a marked similarity, or oven identity be- 
tween northern Asia and North America. A question may 
arise as to whether the principal afccneios which contribute 
to the genesis and morphology of these landscapes are not 
to be fonnd ontside the living organism, and to a great 
extent in the climate of the region. A case in point is to 
be fonnd in tho form and distribution of certain torrestriol 
and aqnatio habitats on the Forest-Steppe of Oanada and 
Siberia. On both continents the Forest-Steppe is a bor- 
der-line territory in which the available moisture is barely 
suffleient to support tree growth even in the most favor- 
able localities. The chief source of water supply is the 
snow which accumulates during the winter During the 
thaw in spring ponds are formed in tho vicinity of the 
largest snowdrifts which generally occur near groves of 
trees. It is not clear whether tho ocourrence of a grove of 
trees, with its associated terrestrial fauna, in a partienlar 
place is due to the presonoo of a pond during the spring, 
or whether on the other hand the initial factor is the pres- 
ence of the trees which act ae snow collectors, and so result 
in tho presonoe of the snowdrift. Since the aesociated 
terrestrial and aquatic habitats are inter-dependent, and 
their development is simultaneous it is conceivable that 
there is a tendency in tho natural economy of the region 
which governs their occurrence Whether or not this view 
IB a valid one, and can bo extended to other natural regions 
remains to bo seen, but it snggests interesting possibilities. 

The Tnndra or Barren Qronnd is a belt of treelese loud 
which oeonpies the extreme northern part of Europe, Asia, 
and North America. Part of this territory is low-lying 
and water-logged, but there are also ooneidorable areas of 
dry sandy and rocky country. As far as the climate is 
oonoemod, tho out-standing charaoteristio of this region is 
the low prevailing temperature, and the shortneeB of the 
warm season. In all probability this latter condition ie on 
important one in limiting the variety of the fanna. The 
fact that part of the country is water-logged has a similar 
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efTect, particulnrly Hincc a conHiderable proportion of tho 
remainder of the territory conHiata of lichen tundra and 
bare rock, which are cquallv unuuitable for many organ- 
lama Tn the southern part of this region, where Kroupn 
of Boiiii-pi oatrate trees are oceanionnlI> to be found, there 
may be a few species of terrcslriiil molluhca, ns for ex- 
ample, Vertigo sti near Fort Churchill on the shores of 
Hudson Bay, but for tho most part the land snail fauna of 
the Tundra is a meiiKur one The most important aquatic 
habitats on the Tundra are ponds. Although these may 
have a considerable surface area they are generallv shallow, 
so that the temperature of their waters daring the long 
days of Huninior may be relativelv high The fauna of 
such ponds however, is meager in conipanson with that of 
ponds on the forcst-steppu and gruHsland. 

The Tuiga, or Northern Coniferous Forest, forms a 
broad belt to the south of the Tundra on all the contiucutal 
land areas of the Sub-Arctic Region. The rich growth of 
vegetation, which in some resiiccts dominatus the animal 
life of the region, is made iKissible by tho high tempeia- 
tiire and long growing season in comparison with the 
Tundra, aud by the abundance of moisture as compared 
with the grasslands to the south. The vegetative cover 
over most of this territory consists of continuous forest, 
composed in the main of species of Pinug, Picea, or Lanx. 
Places in which there is loo much standing water to permit 
of the grow th of trees are invaded by shrubs such as Ledum 
and Vacctntum, together with grasses [Fegtura, ot al.), 
and mosses including Sphagnum and Polytnehum. In 
many instances the occurrence of terrestrial mollusca 
within this territory is profoundly affected by the char- 
acter of the vegetation. Pure stands of ncodle-Icavod 
trees, whether Ptnug, P\cea, or Larxx, are not suitable habi- 
tats for land snails, and as a rule only scattered individ- 
uals of two or three species are to be found. Naturalists 
working in different parts of this region have boen inclined 
to attribute this condition to the presence of resinous ox- 
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trucla of dccHynif; pmc noodlen, etc., bnt it ih poHHiblo that 
the absence of snitable food iS an equally important factor 
The fact that the prcseiioe of a leliitively hiiuill numlier of 
birch or poplar amon^ the conifers Kenerally results in a 
oonsulerahle increase in tho abnudanee and variety of the 
molluHcaii fauna, lends some support to this view Nover- 
tholess it must be udniitted that thu fallen and decayiii):; 
loffs of birch (Hctula spp.) snpport a much nohei fauna 
than do those of the iiecdlG-leavod trees The character- 
istics of the aquatic habitats of this rcKioii may also be 
considerably affected by the veKotahon. Many of the 
ponds and lakes have lieen invaded by Sphaginim, Rrasses 
and shiubs to such an extent that they have erased to be 
suitable habitats for fresh water uiolluses This is the 
principal reason for the rarity of temporary ponds m the 
Taifra In addition to the purely physieal action of the 
seini-aquatic plants in crowding out the aquatic fauna, it 
IS probalilo that Sphagnum has an imimcnl effort upon 
many nnnnals owing to extracts which ai ise from it or at 
least are generally associated with its growth This ex- 
planation of the poverty of fauna in peaty waters has lieeii 
pul forward by a nuinber of writers, and is almost pro- 
verbial among field rnlleetors West (1910) has advanced 
the view that peat extracts play an important part in gov- 
erning the character of the vegetation in many Seuttish 
lochs. It may be worth noting that when such waters are 
iioratcd, as occurs in streams with falls and rapids, the 
flora and fauna becomes much richer Many of the larger 
lakes of tho Taiga region occupy more or less deep depres- 
sions in the bed rock which thus lies exposed along their 
shores. Such shores are subject to severe wave aetion, 
which renders them unsuitable habitats for thu majority of 
fresh water molluscs. A few species however, have be- 
come adapted to lifu under such ooiiditions, and may bo 
found in certain localities in considerable numbers of in- 
dividuals. In instances where the slope of tho shores of a 
lake is suiliciontly gradual, and conditions of exposure and 
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bottom are eiutable, a number of species of aquatic and 
semi-aqnatio plaiits may be found forming colonies of some 
aize. For the moat part thcae plants are apeoies of Phrag- 
mttes, Typha, Scirpw, Spargamium, Carex, Juncus, or 
Eqwsctum. Such plant asaociutions provide food and 
ahclter from the waves and so support a large and varied 
fauna of niolluBoa. 

The Forcst-Stoppo is a narrow belt of groves and glades 
which is situated between the forested territory described 
above and the grassland. In the northern part of the For- 
est-Steppe the groves become gradually larger until they 
fuse to form a continuous forest, while along the southern 
border they become gradually smaller and finally disap- 
pear altogether, leaving open grassland. In North Amer- 
ica the most common tree on the Forest-fltoppe is the 
Trumbhng Aspen (PopuIvB tremulotdea), while over the 
greater jisrt of the norUieru Astatic Forest-Steppo the pre- 
vailing tree species are Birches (Befula verrucosa var. 
lahfoha, and B. pubescens var. aUaptca), The Forest- 
Bteppe presents a perticnlar combination of oonditions 
which is distinctly favorable for such species of fresh water 
and terrestrial mollusca as are able to endure the severe 
climate which prevails in this northerly situation. Mois- 
ture is abundant at certain seasons, but a sodden condition 
of the soil and vegetation is seldom met with. The growth 
of trees, while sofficient to cost an elTcotive shade, and thns 
to result in some moisture being retained in the forest 
litter, is not so dense as to prevent tho growth of herbs, 
especially near the borders of tho groves. In addition, 
tho leaves of the trees, when they fall to tho ground, form 
the basis of an excellent food supply for land snails. As 
regards moisture and food therefore, life oonditions are 
suitable for molluscs, but although the number of individ- 
uals may be very considerable, there is no great variety 
in the species which occur in such habitats. This is a char- 
octeristio feature of the Sub-Arctio fauna. Similarly 
favorable conditions are met with in the aquatic habitats. 
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Sphagnum bogs are rare, bat on the other hand, a very high 
concentration of mineral ealta in eolntion, snch aa la of 
frequent occurrence in the watora of the Steppe and 
Steppo-DcHcrt, ia not commonly found on the Foreat- 
Steppe. The morahca of thla region are particularly rich, 
and in many inatunwa have the moat varied fauna of any 
liabitata in thin Region The bordora of aemi-atagnant 
meandering atrcaiua alao support a rich fauna, the species 
for the most part being the same as those found in marshes. 
It is in the Forest-Steppe that the temporary ponds attain 
their greatest development, and gave their most varied and 
abundant fauna. This is due largely to the rohability of 
their water supply as a reault of the snow in winter col- 
lecting about the groves of trees as mentioned in a previ- 
ouR paragraph. In consequcnec of this the ponds have a 
longer annuel aquatic phase than do those in the other 
natural regions lying to the south, and are more regular 
in their occurrence year after year The intermittent 
atreama on the Foreat-Steppo may also support a small 
fauna of moUnsca, us for example Planorbu umbtlwalellua 
in an intermittent stream lying to the north of Birtle, Mani- 
toba; and Lymnaa palustris et al. in Paskwegin Brook, 
Roskatchewan. 

Tho Steppe or grassland, known in Canada as the 
Prairie, is characterized by the absence of troos, and the 
considerably greater concentration of mineral s^ts m so- 
lution in many of the natural waters os compared with 
those of the Tnndro, Taiga, and Forest-Steppe. Both of 
these conditions aro attribntablo to the occurrence both 
periodically and at irregular intervals of a serions dofl- 
cienoy of precipitation, and also to the high evaporating 
power of the air. Except in salino localities there is gen- 
erally a luxuriant growth of grasses on the Steppe, and 
those form a thick and contmuons tnrf which reduces to a 
minimum the erosive action of the floods which follow tho 
thaw in spring. In valleys, or on hillsides, when the tnrf 
is once broken deep ravines may be formed, and these aro 



168 


AUK MOZLRV 


barren of life One of (ho notable fcaturen of the f^teppo 
is a marked restriction in the nnniher of different kinds of 
habitats which arc available for settlement by aquatic and 
terrestrial animals as compared with the Forest-Steppe. 
With this IS correlated a diminution in the nniiilicr of spe- 
cies which m-cni in a jfiven individual habitat These con- 
ditions become iiioie pronounceil in a southerly direction 
111 coutinontut Asia, ond towards the western interior of 
North Anicnou The periodical shortuRe of moisture dur- 
inR the Huiiiiner, coiiibiniMl with the tow winter tenipcra- 
tnres have the effect of liiiiitinp: the number of habitats in 
whieh terrestrial mollusen are found For the most part 
the only places in whieh these animals occur on the Steppu 
are marshes, aloiiR the holders of si reams, and occusionally 
under shrnbs on the flood plains In a few places on the 
Kirghiz Steppe of northern Asia empty und bleached 
ahoUa of land snails huvo licen found in debris rarried 
down by iutennittent streanm the drainage basins of which 
are entirely devoid of trees and shrubs The habitat of 
those shells is not known, but it is possiblo that during 
moist seasons a few tci restrial molluscs may live on the 
grasses und herbage An alternative explanation is that 
the shells found were fossils washed out of some Post- 
Pleistocene deposit. Tlie marshes of the Steppe region 
have not as rich a fauna as have those on the Forest-Steppe 
In many instances this is due to the presence of a con- 
siderable concentration of mineral salts in the waters, and 
ia also to some extent due to the fluctuations in water level 
in such lakes which rosnlts in the destruction of many of 
the plants (sec Mozlej 1935, p 673). Temporary ponds 
are of common occurrence on the Steppe, but as the duru- 
tlon of their aquatic phase is not as long os is that of those 
on the Forest-Steppe their fauna docs not include as many 
different species. Sorao of Uio Steppe ponds, oepooially 
those which oeenr in valley bottoms, and old lake beds, arc 
salino, and this has the effect of still farther reducing their 
fauna. Similar oonditions considerably intensified, are 
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met with in the inteniullfiit Htroanis Most of the perma- 
nent Htreaiim of the f'raHHland regions of both northern 
Asia and Noith America draw their water supply from 
neighboring iiioimtaiiious areas, so that they cannot be re- 
garded as Steppe streams m the strict sense of the term 
The fauna of ponds situated on the flood pliiiiw of these 
streams is geueially a rich ono, and in all probability those 
Imbitats serve as natural reservoirs from winch much of 
the neighboring territory is populntt>d with aqnatio Biiiinals 
dnrmg years of unusually abundant iiioiatnre. 

The Steppe-Desert is situated to the south of the Steppe 
]iru|>er. The must cliuracteristic feature of this region is 
the growth of the grasses in compact clumps with bare 
spaces intervening This is the result of the luueh lower 
precipitation as compared with the Steppe The dofici- 
eney of moisture has an nnfavonruble effect upon the 
aquatic fauna, and the iiiajorily of the bodies of standing 
water are saline The temporary ponds are on exception 
to this general rule, their waters almost invariably being 
fresh (except under the conditions notod above — see under 
Steppe). The prulonged seveie droughts which frequently 
occur in this region however, result iii many of the tempo- 
rary ponds being without water over a period of two years 
or more. This results in their fauna being somewhat 
meager Marsh development is at a iiiiminum, and so the 
nch association of species which are found in thobo situa- 
tions in other natural rogtoiis is generally absent from the 
Steppe-Desert. The only exceptions to this which have 
been observed have been along the margins of streams 
which rise in the iicighlioring mountainoub regions. Must 
of the other streams in the Steppe- Desert are of the inter- 
mittent type, and rarely if ever contain molluscs. The next 
natural region lying to the south, the Desert, is situated 
outside the Snb-Arotic Uegion. 
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The Mellttfiean Habtiata 

The habitats of non-marine mollusca in the Snb-Arotic 
foil into two obvious classen, those of the land areas, and 
those of fresh water. There is little overlapping between 
these two types of station except for the ooourrenee of a 
few fresh water species such ns Li/mtuea iruncalula (in 
Eurasia) and L. parva sterkh (in North America) on mnd 
flats along the borders of streams, and of members of the 
terrestrial genus Surnnea m similiir situations and in 
marshes. Speciflo examples of the fanna of representative 
series of moUnsvaii habitats have been given in a previous 
paper (Mozley 1935). 

The terrestrial mollusca of the Sub-Arotic Region are 
found occupying a somewhat limited range of habitats. 
With few exceptions the land snails which inhabit this terri- 
tory are forest dwellers. The high dogreo of uniformity 
which IS to be found in the fauna of widely separated areas 
may to some extent be correlated with this uniformity of 
habitat While it is true that there is some diversity in the 
si>coies of trees which moke up the forests, this appears to 
have but little effect upon the character of the fanna Pro- 
vided that food of some sort is available, it appears that 
the trees arc of importance principally as providing shade 
and thus checking evaporation. The Temperate (as dis- 
tinct from Sub-Arctic) parts of Europe, Asia, and North 
America each have a distinct land snail fanna which is 
made np of a large nnmbor of characteristic species. Very 
few of these invade the northern porta of their respectivo 
continents, the fanna of those regions being oomposed of 
other spiH'ics which in most instances either have a oir- 
cnmboreal range, or are represented in Eurasia and North 
America by closely related and ecologically equivalent 
forms. It IS probable that the widely variable conditions 
of moisture, and the low temperatnie in winter combine to 
exclude the majority of the syiccies which are found in the 
neighboring regions to the sonth. The most favorable 
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habitats for terrestrial molluscs in the Sub-Arctio BeKion 
are moist (but not water-logged) sitnations in forests of 
Aspen (Populus tretnuloides) in North America, and Birch 
(Beitila spp.) in northern Asia. 

There is much greater diversity in the habitats of the 
fresh water molluson in the Snb-Arctio Begion than in those 
of the terrestrial species. In this account the habitats are 
discussed under several headings, namely: the temporary 
ponds, permanent pouds and Hiiiall lakes, large lakes, and 
streams It should not lie assumed however, that these are 
absolutely distinct typos There arc numerous intermedi- 
ate examples which are difficult to place definitely m one 
class or another. As a rule tho quiet-water habitats have 
a richer fauna of molluscu than stroums. 

Temporary ponds which arc formed by the melting 
snow in spring are among tho most characteristic aquatic 
habitats in tho Sub-Arctio Region These ponds have a 
short period of submersion in the spring, which is followed 
by progressively drier conditions during the ennuner and 
autumn, and by low temperatures during the winter. The 
period of activity of the aquatic animals which are per- 
manent residents of such pools, and not merely migrants 
is about two months in each year. It is obvious therefore 
that tho conditions of life for aquatic animals in tbcsu habi- 
tats are severe; nevertheless a large number of animals 
belonging to diverso phylogonctio groups are able to main- 
tain themselves m them. Some species in fact are to he 
found only in temporary ponds. This is true of certain 
phy1Ioi>od Crustacea such as Apvs, Leptdurus, and Branch- 
tpus, and also of certain molluscs (see Mozley 1932). It 
IB probable that tlie richnoss in siiecies of tho temporary 
pond fauna in tho Sub- Arctic Region is to some extent due 
to tho regularity of their occurrence in the spring of each 
>oar. This is the reeult of their being fed by snow water, 
and not being dependent upon the oocnrronco of seasonal 
rains. Another important factor may be the absence of 
winter thaws. In this connection it may be worth noting 
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that Shclfiird (1919) Htatoo that the oocurrcuca of Brntich- 
ipiiK in thu Chicaf^o area of North Auierica ia oxtromely 
sporadir, and mdiratoa that in all probability thia la dno 
to the occaaionul winter thawa durinK whirh these tempo- 
rary i>ond rrastacea eomtiicnce their development, only to 
be killed by BubMoquent severe froHls bcfoie they have 
reached maturity In North America and northern Asia 
the most eoininon temporary }K>nd inollnReR are Li/mtuca 
paliistns and Aplexa htfpnttrum In the courHe of field 
work eoverinfr an extensive area in Scandinavia only one 
typical temporary pond waa found (near Stromaund, 
•Tiimtland), and this contained only Apletn hypnoTvm. No 
temporary ponds were found in Finland, and Profeasor A 
Luther of lIclsiuyforB ntates that to his knowledf^ no speci- 
men of Ilroiirhipus, or any closely related form {Eubranrh- 
iptta, ete.) has ever been collected in that country 

Ponds which contain water jiermanonlly, and small 
lakes, ar«> of iiarticular importance as habitats in the Sub- 
Arctie ReKion, sinee thev aie of common occurrence, and 
in most instances pieseiit conditions which arc favorable 
for niolluscHii life For the most part theso are shallow 
bodies of water of such small area that ffreat waves are not 
formeil on the surface by the wind Their essential char- 
acteristic is the quietness of their waters and the abundance 
of food This renders possible a fr^Batcr abundance of 
livinR orKUiiisiiis per voluiiio of water than in any other 
type of a(]nntio habitat in this reyion. Submer(red ve(?e- 
tation, including such plants as Potamogetom, Elodea, and 
Utncularia, is usually common, and provides a site for 
tho growth of microscojiie organisms which serve as food, 
either directly or indirectly, of many of the larger animals 
This is also true of the rooted plants which have leaves 
floating upon the surface, e.g. Ngmphra, Pelygonum, and 
Zteawta. Knails and small fresh water mnsaels arc fre- 
(]nently to bo found upon such plants in large nunibcm. 
The shores of many ponds and small lakes are occupied by 
marsh plants such as Typha, Phragmites, Scirpiu, and 
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Spargamum which neneraliy fiupporl: ii varied inolluscan 
fauna. An hoa been mentioned in a previous paruKraph, 
the presence of fiphagnuiii in u body of water rcsulUt in a 
mnuh reduced mollusc fauna On the Steppe and Forest- 
Steppe the fauna of ponda rlosely resembles that of 
marshes. In the Taiffa the pond fauna is usually meager 
owing to the presence of Sphagnum, while on the Tundra 
of Eurasia a limited minilior of observiilions indicate that 
Lymnaa pereger, Planorbtit acronteufi, Aplexa hypnorutn 
and Pisidtunt spp. are the most common molluscs. Ponds 
on the North Ainorican Tundra have lieon found to contain 
Lymnaa palustns, Planorbis ardteus, Physa gynna, and 
Aplria hypnoTum. Ponda and small lakes in several parts 
of Qreenland are inhabited by Lymnaa vuhlu and L vahlit 
holbolli Lymnaa palusfn^ kolgurvntatu inhabits Kolguev 
Island 

The largo lakes of the Sub-Aretie Region fall into two 
classes, namely those which have outlet streams and thoso 
which have not. The molluscan fauna of lakes of the latter 
type has been discussed in previous papers (Mo/.ley 1930, 
1935) The charactenstic features of the lakes of the hist 
group are the possession of a moderate or great depth (5 
meters or more), and a considerable oxpauso of open water 
which results m the shores being subject to wave action 
The most striking example of a bmly of water of this kind 
in the Sub-Arctic Region is Ijakc Baikal (depth 1741 in.) 
Conditions in this lake however, aic so extreme that tho 
great majority of charecferistie Sub-Arctic animals are 
unable to exist there. Li many of tho lesser, though stiU 
large lakes of this region, and particularly in North Amer- 
ica, three distinct molluscan assoriations arc to be found, 
namely . 

(i) The exposed shore association: Lymnaa stagnahs la- 
custrin in Enrope; Lymnaa emarginata with L. cata- 
seoptum, or else either L. stagnalia sanetaniarta or 
L. stagnalu blhana in North America. 
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(li) The bottom asaoeiation: Lymnaa pereger in Enrope; 
AymKola Imosa, A. tealkeri, Valvata tncannata, 
Lampstlis aihquoidea and Anodonta grandia faoliana 
(or Anodonta kenntcolh) in North America. 

(lii) The inareh aaaociation Lymniea atagnalxa, Planorbia 
ylamrhia, and P. corneua in Enrope and northern 
Asia Tjymntra atngnaba jugvlaria, Planorbia <rt- 
volvis and Planorbia arcticua in North America 

The mollnaenn fauna of atreaina in the Sub-Arctic Be- 
gion variea widely with the character of the habitat Slng- 
giah meandering atreania have a fauna which cloacly re- 
aeniblea that of inaraliea Li hilly or mountainons conntry 
the high inclination of the etrenm bode, the preacnco of 
Bcroe and eilt, and the low temperature may act singly or 
collectively to limit the varioty and abundauco of the mol- 
luacan fauna (eco Mozley lOS.*!) There are nnmerons 
Btroams of large eize in the Sub- A retie Bogion. Sneh 
nvera us the Pitca and Kalix (Sweden), the Kemi (Fin- 
land), Ob, TrtiRh and TenisRei (northern Asia), and the 
upper parts of the Athabasca (North America) have a very 
meager molluscan fauna in their main channels It is only 
in the side waters of most of the groat rivers of this region 
that fresh water molluscs aro found in any numbers. It is 
worthy of note however, that several species of UninnidB 
are found in considerable abundance in the Nelson Biver 
and the Bod Bivor of the North (not the Arctic Bed Biver). 
Ponds on the flood plains of large streams are important as 
habitats for molluscs in some parts of this region (see Moz- 
ley 1935) 

Important Environmental Factors Governing the Diainbu- 
twn of MoUuaca tmthin the Snb- Arctic Region 

Two general classes of environmental factors play a pre- 
dominant part in governing the dislribntion of both fresh 
water and terrestrial molluscs in this territory, namely 
those relating to the obmate of the region and those oon- 
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neoted with the vefifetatioii Not infreqaentlj it Is difflonlt 
to dutingnUh between thene two clsBRee. It may be well 
to point oat that within a single geographical area there 
may be eignificant local difToronces which play an impor- 
tant part in governing the occarrencc of moUnacs and other 
animals. On the Forest-Steppe of both Asia and North 
America for example, the presence of groves of trees has a 
profound effect upon the fauna by providing food (dead 
loaves and twigs), and m hindering evaporation from the 
surface of the soil. As a result of these conditions a num- 
ber of spooios of mollnaca are able to live in these situa- 
tions. In comparison with tho territones lying to the 
Bonth, the presence or absence of lime appears to bo of 
minor importance in influencing the distribution of land 
snails in any particnlar part of the Sub-Arctic Region 
This may be because a certain minimum of lime, sufficient 
for tho needs of the molluscs, is present almost everywhere 
in the Region. Tho critical rolo in determining the pres- 
ence or alwonce of these animals therefore pusses to other 
environmental factors. 

As far os tho fresh water iiioiluscs are concerned, the 
effect of climate and vegetation upnu distribution in the 
Sub-Arctic Region appears principally m five ways, 
namely: (i) through the mineral salts and other inatonals 
in lolntion, (ii) through tho action of waves in bearing 
upon the shores of bodies of standing water; (lii) through 
marsh development; (iv) through tho force of the current 
in streams; (v) through desiccation Tho action of these 
factors may be summarized as fo]low>i 

(i) Mineral S<dts ta Solution 

The changes in climate which have tahen place in tho 
8nb-Arotio Region since the edd of the last period of gla- 
ciation have resulted in certain of tho lakes in this area 
losing their connection with the sea. Owing to the absence 
of an outlet and continued evaporation there is subso- 
quently a progressive increase in the oonoentration of min- 



ALAN MOZLEY 


i7e‘ 

oral Holth in Hointion in the watern of anch a lake This 
proeess cnlminateM in n aoturate<l solution ant] Iho deposi- 
tion of salt orj'stals aronnd the sliorcs as the lake dwindles 
in size and finally becomes a suit flat. A hlRh roncentra- 
tion of mineral salts has an nnfavorahlo efTcM't upon the 
inolluHcan fauna. This is manifested m two ways, namely, 
in a direct physioloKieal manner, and through the dcstnie- 
liun of the aquatio and seiin-uquatie ve(^.>tution upon which 
many molluHCH are dependent for food and shelter 

(if) IFfli'f' Aeliiw 

The action of waves in lireakinfr u)>on the shores of 
lakes plays an important part in deteruiininK the suitabil- 
itv of such situations fur occnpution by molluscs Most of 
the Kustropods which inhabit the Snb-Arotic TteRion live in 
shallow water, and apparently And it diflieult to exist in 
lar^e bodies of water where the shore line and iicighbonnK^ 
bottom are frequently disturbed bv wave action For the 
most part any straKglera which And their way into situa- 
tions of this sort arc either broken to pieces or carried into 
deep water whore they are likely to be devoured by Aslies. 
There are, however, several species and vanotios of Lym- 
lupa which are especially adapted for life in habitats which 
are subject to severe wave action and arc unable to exist 
elsewhere (e.y. Lymntra siaqttah<> sanctamarur). 

(m) Marsh Development. 

The occurrence of Kroups of aquatic and semi-aquatio 
plants in and around ponds, small lakes, and streams has a 
profound clTcet upon their suitability for mollDseoii life. 
The swamps of the Sub- Arctic Bcfcion are dominated by 
Larch {Lartx spp.], and with the trees Sphagnum is usually 
found in some quantity. This moss also occurs in 
abundance in the Sub-Arctic bogs, and as has been men- 
tioned elsewhere in this account, has an luiinical effect npon 
the inolluscan fauna, Marshes however provide both food 
and shelter for many species. 
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(iv) Forr<' of the Current tn Streams. 

Ab hAB been mentioned under (ii) above the majority of 
the fresh water mollnecs which inhabit the Sub-Arotic Be- 
gion are adapted for life only m qniet waters Any con- 
siderable iiicroaoc in the current of a quiet etreom results 
in the elimination of many species. While it is true that 
the inclination of the stream bed plays on important part 
in determining the force of the current in many streams, 
the climate and vegetation are significant modifying fac- 
tors It frequently happens that the biiclcwaters of 
streams which have a swift current support a rich fauna of 
molluscs. 

(f) Dcaircdtion 

The occurrence of severe dronghtb, both periodieally or 
at irregular intervals, is one of the characterishc features 
of the climate of the Sub-Arctic Begion In many in- 
stances these droughts have the eilcct of reducing the mol- 
luscan fauna to a minimum. A number of aquatic species 
however, are able to withstand a considerahle degree of 
desiccation (bee Mosley 1932). 

IV Thu Vakiation or Robie Sua-Aacno Mollusoa 

The repeated glaciation to which the greater part of tho 
Sub-Arctic Begion was bubjoct during the Pleistocene 
pieriod may be considered, for practical purposes, to have 
resulted in the extermination of the whole of tho mollnsoan 
fauna which inhabited the area previous to that time (sec 
Mosley 1934). It may bo of intorest to enquire what modi- 
fication (if any) the species which migrated into this terri- 
tory in Post-Pleistocene times have undergone since their 
immigration. Even a cursory review of the fauna reveals 
that considerable diversity exists in the degree, and pos- 
sibly also in the nature, of the change which has taken place. 

Bearing in mind the observations of Crampton (191G), 
Sumner (1932), and other students in diverse countries, it 
cannot be said that profound modifications of tho ori^nal 
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immigrant atook have taken place in the ftub-A rctio Region 
The relatively short period of time which has elapsed since 
those animals invaded this territory is probably a oontribu- 
tary factor in the small amount of change which has taken 
place, and it is possible that the low temperatures which 
prevail over the whole of the Snh-Arctio Region through- 
out most of the year may also have played a part What- 
ever tho nature of the process may be it does appear that 
evolutionary change takes place with greater frequency in 
countries which have a high prevailing teinperatnre than 
in those which are subject to cold weatlier during a consid- 
erable part of each year. It is conceivable that this may 
be a simple physical effect of low toinpeiaturo. In most 
instances the diversities which appear to have arisen since 
these animals invaded this territory in post-glacial times 
involve a change in tho relative proportions of the parts of 
the shell Except in certain lacustrine varieties these 
uhangOB are not supposed to have any survival value. It 
18 intoresting to observe that within certain limits each 
family of fresh water molluscs inhabiting this region tends 
to vary in a characteristic manner Tho Y alvatida? form a 
good example of this (Mozley 19.85) 

Aplexa hypnorum (Linnc) 

Aplexa hypnorum is a frosh water gastropod which is 
found in considerable numbers throughout the Snb-Arohe 
Region. In northern Asia this species has been found as 
far north u N.L. 73° 30'. In the region lying to the south 
of the fiftieth parallel it is seldom found in abundance, and 
what individuals do occur are of small size. In spite o| 
the immense geographical range of this snail it varies be- 
tween somewhat narrow hmits. The principal diversity 
in the extreme variants, either within a series of shells from 
a single habitat, or between individuals from far-distant 
localities, is found in the length of tho spire. Even in this 
(diaraoter however the extent of variation in A. hypnortm 
is mneh smaller than in many other fresh water pulmonates 
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which inhabit this region. Supposed sab-speoies, e.9. A. 
hypnorvm tryonx, have been described on the basis of 
shelU with elongated spires, bnt none of these appear to 
possess really distinctive features. Long-spired individ- 
nals are almost equally likoly to be met with as isolated 
uidividnals, or as forming the bulk of a local population. 
Tt should bo noted however, that while this conclusion is 
based upon tho examination of numorons specimens, both 
in their natural habitat and in museum collections, it has 
not yet been statistically demonstrated. It appears there- 
fore, that Aplexa hypnorum, is a spccios which varies be- 
tween narrow limits, and what variation does oconr is as 
likely to be met with in one locality as in another. No 
tendency towards the accumulation of diversities, or segre- 
gation into local races has been observed 


Unionidff 

The uniomd fauna of Sub-Arctic America has been de- 
rived from the valley of the Mississippi River. It is a 
matter of somo interest to observe that several different 
species of these fresh water mussels appear to have been 
modified to on approximately equal extent by the severe 
conditions of life in this northerly situation. That is to 
say, mussels which attain a largo size in the drainage of the 
Mississippi River are represented in tho northern part of 
the cuntment by dwarf forms which in some instances are 
sufficiently distinct to have been given specific or varietal 
names. The degree of dwarfing is approximately equal in 
each instance (Fla. I and II). The speaes m which this is 
true are tho following ' 


Ulululppl Vonn 
Vudmla qtadnla 
Anodouia ffnmdU foettana 
Latmigna pomplMala 
Ligmula rtota laMulM 
iampMt raMata . 
LamptlUi idifiuUaa .... 

ZamptiUt pMtHpoM 


Sob Aretli Vorpi 
irsnuBod dwirt TsrlMr 
A taaiUtolti 
L emflnala batk«riM 
UPBomod dwsrf form 
.L kpraoUp 

. L. itHfuaidaa nuaaaa aod 
L nperlorasjta 
Dwnrf Ttrlrtr (aBUmedl) 
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It aooTns reasonable to suppose that the cause of this 
(IwarflDg: lies in the ^ueral gBOfn^phical conditions of Sub- 
Arctio America. It la probable that the great length of the 
winter is an important factor This may alToct the fresh 
water mussels both directly through the long period dur- 
ing which they arc in a partly dormant condition, and also 
indirectly through the food supply which innst be similarly 
responsive to the low temperature and darkness of the wm- 
ter months. To these influences the several species listed 
above have reacted m a similar way, and to an approxi- 
mately equal extent 

The sti uctural niodiflculions which have resulted may 
not m a sense, be cvolntionary changes It is conceivable 
that they arc more of the nature of simplo physiological 
results of the unfavorable conditions which these animals 
have to endure m the northerly territory. If this be true 
it IS not surprising that the morphological changes have 
taken place to on approximately equal extent in diverse 
species. Whether or not sneh reactions ns this have any 
evolutionary signiilcanco is difficult to say, but it is evident 
that at least as long as the environmental conditions remain 
as at present, the ranssels will remain dwarf forms, with 
characteristics which mark them off from their southom 
lelatives 'What would be the result of transferring the 
northern mussels to (he Mississippi River, it is not possible 
to predict Such an experiment might not be relevant to 
the main fact, namely, that in their natural habitat those 
animals are structurally distinct from the related forms in 
more southerly latitudes. The above remarks notwith- 
standing, it IS possible that these diversities may differ 
from some types of evolutionary change in degree only. 

It is of some importance to note that not all of the fresh 
water mussels which inhabit Snb- Arctic America are dwarf 
forms of southern speciee. In some instances the Ca- 
nadian shells are of a size equal to that of average speci- 
mens of the same species in the Mississippi drainage. This 
18 known to be true of Amblema costata (specimens taken 
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aboat fonr tniloa ImIow Ibo EuKliBlimaii’a Rapid on the 
Bercna River, Manitoba), and also of Anodontotdes ferus- 
saciatma (speoinieDB token in the Whitesand River, near 
Theodore, Saekatchcwan). These two spodes however, 
arc not among the moat common rnnHsels of this region, 
and for the most part have a rather limited or sporadio 
distribution witbm the territory. From thin it might ap- 
pear that they arc unable to tolerate the unfavorable con- 
ditions which are found over the greater part of this re- 
gion, and so occur only in onpecially favorable habitats, in 
which they attain a size equal to that of individuals in the 
Mississippi drainage 

Lriiiua?idffi 

A greutur dogrin* of vanulion ih to ho found in the fresh 
water gastropods belonging to the family Lyninraidai (and 
the closely related PlanorbidaB) than in any other group of 
nioUuBca in the Sub- Arctic Region. Although these two 
families have a wide range of occurrence over the earth’s 
surface, being found even in Austialia, tbey are nowhere 
represented by such large numbers ol individuals, or by 
so many diverse tyims as in the northern part of the north- 
ern hemisphere. 

Lymnaa polwiria and L. emargxnata 

Two of the most ooinmon mombors of this family in 
North America are Lymnaa paluatris and L. emaryiHata. 
A comparison of the local and geographical variation of 
these species in the central part of Canada aud the United 
States (Mozley 1936a) showed that while in L. pfdvatria 
the range of variation in several shell oharactors in one lo- 
cality approximates that which oocutb over the greater 
jiart of the geographical range of this species in North 
America, in L. emar^itiafa there is a well marked tendeney 
for the range of variation m tho same oharaoters to con- 
stitute only a small part of that found over the whole geo- 
graphioal area inhabited by the spodes. That is to aay, 
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in the one instance local variation appioximatos freofirnph- 
ical variation, while in the other it covers only a small part 
of it. In other words L, emarginata tends to split np into 
local races, whereas L. paluatrts does not. It is important 
to note that this ditfereuoc in the type of variation is so 
strongly marked that it can be recognised whenever a large 
senes of shells is examined, even in a casual manner. Stu- 
dents of the systematica of mollnsca have bestowed nn- 
raerons specific and varietal names upon diverse races and 
extreme variants of each of these two groups A statisti- 
cal demonstration of the essential facts has been given in 
another paper (Moxlcy, loc. cit.). 

The explanation of this diversity m tyx>e of vanation is 
iK-lievod to lie in the local distnhntion of the species. 
Within the territory in which the statistical study was oar- 
ned out, L. paluslrts occurs in a high proportion of the 
very numerous ponds and small lakes, for example, it was 
found in 238 of a senes of Sl.'i such habitats examined. 
These ponds and small lakes aro often situated close to- 
gether, and it is easy to understand that there are freqnent 
opportunities for the mixture of their fauna. Under these 
conditions the appearance of recessive characters would be 
sporadic, the vanation in all localities would be expected to 
be very similar, and its range wide 

In contrast to this cuntinaous type of variation is that 
of L. emarginata, which is found as a rule only on the rooky 
or bonldory shores at largo lakes, a type of habitat which 
IS of relatively rare occurrence In the area where the work 
was done Such habitats are often situated one or two 
hundred kilometers apart. There is thus little oppor- 
tunity for genetic intermixture between the members of 
difTereut eolonies Under these conditions recessive char- 
acters might be expected to appear in the bulk of the popu- 
lation in certain localities, and thus to form the basis of 
local races. 

The oonclnsions noted in the paragraphs above were 
drawn from a study of these species in central Canada and 
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parts of the northern United States. When the scope of 
the investigation was extended to inolnde the northern 
Rocky Mountain area it wnB found that the LYniiues for the 
most part uoenpiod isolated habitats in that region and 
there tended to split up into local races some of which have 
been given speeidc names, eg. hymiuca irusln Tryon (Moz- 
ley 1930a). 

Lymtuea emarginata is a piiiely Korth Aniorican spe- 
cies L palustrih however, is also found in Europe and 
northern Asia. Several distinct races of L palustris were 
discovered in the latter territory and were described as 
subspecies (Mozley 1934a). In ounnccliou with tho ap- 
pearance of local races of this species in northern Asia tho 
following remarks regarding tho local distribution of L 
paliiatns in that region as compared with North America 
may be of significance, “ In collecting over any extensive 
urea in Siberia and northern Kazakstan one is improssod 
by the fact that this species is less common there than in the 
comparable regions of Nortti America. In parts of Canada 
LyiHfwa palustris (or closely related and homologous 
forms the systematic position of which is not yet clear) is 
extremely common, and is to be found in abundance in al- 
most any pond, small lake, and marshy urea. . . . This is 
not true in Northern Asia, and though to the casusl ob- 
fecrvor conditions may appear to bo very similar, the pro- 
portion of ponds and lakes which is populated by Lymncra 
palustris is much smaller — about one in four or five ” 
Obviously if the explanation of the difference in type of 
variation observed in L. ftnargittafa and L. palustris in cen- 
tral Canada is valid, it may also apply to the diversity of 
the venation of the latter species in the Rockv ^roniituin 
area and in northern Asia describid above 

Lymnaa stagnalis Linne 

Lymmea stagnalts is a large fresh water gastropod 
which is to be found in abundance in most parts of the Sub- 
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Arotio Rcf^ioo. The geographical range of this apeoieB in- 
cludoa the northern part of North America, northern Asia 
front Kaahniir to Siberia, and very nearly the whole of 
Europe oe well aa that part of Africa which liea to the north 
of the Sahara, and Aaia Minor The northern hmit of thia 
apouioa in Great Britain la Edinburgh, while in Sweden it 
IS found ns far north us Qclliniro (N.Lat 67° 7', Eljong. 
21° 40' approx ) 

In North America the moat i-onuiion form of hyvMMa 
stagnalis is known as L. tttfiffnalts jvgularis. This rariety 
is found over the greater part of the continent. Several 
Bub-apeeios have been described from North America the 
most important of which arc L. ataonahs sanetamariit, L. 
stagnaha Itlhana, and />. atagnaha loaantchenaia Each of 
the three lallor foims appears to be speriully adapted to the 
special conditions under which it bves and tlicre is little 
or no tendency for their areas of distribution (oithcr local 
or geographical) to overlap. In northern Asia there is one 
generally prevaihng and widely variable form which hoa 
been referred to under the name Lgmnaa afagnaha Linne 
(Mozley 10.25). In the course of exlenaivo collecting in 
this area no other race of this species was found. In 
northern Europe there is one common form which in very 
similar to that foond in northern Asia, and in addition nu- 
nierouB more or less distinet races which have been de- 
scribed as sub-species. Westerlnnd (1866) lists twenty- 
eight of these from the Palaearotio Region, while Paig^et 
(1929) recognizes twelve varieties in addition to the typical 
form in Switzerland alone The oharactenstio ratios of 
the length of the shells to the length of the aperture in these 
varieties are stated by Paiget to be os follows ; 
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of these races lireetl true for severiil ^onorntions. 

A Hlndy of the raccB of L. stoffnahs in other parta of 
Knropo indicates that thene or comparable vanetice are not 
always as well defined as they are reported to be in Switz- 
erland It appears that tho condition desonbod bv PaiRSt, 
althongh probably correct aa far ns the obRcrvalions of 
foot are concerned, la only a apocial instance of tho ex- 
tremely wide variation exhibited by this species In north- 
ern Europe it fre<iuoiitly happuns that one body of water 
IS inhabited by what might bo regarded aa essentially one 
race of L slagnaha. In other instances however, the range 
of variation among the individuals fonnd in a single lake or 
pond may be very wide, and as far as certain of the shell 
characters are concerned, may approach the range of varia- 
tion which is to be fonnd over the whole of the geographical 
range of tho specios. 

Tho condition which exists in Finland is of special in- 
terest. Many different bodies of water in that country 
were oxammed in tho oonrse of this investigation, and a 
marked tendency was fonnd for the L. atagtuilut in any 
single lake or pond to be more or less aliko, and recognie- 
ably different from those in any other Finnish lake. It 
therefore appears that there are many local races. It is 
important to note however, that the intergradation of these 
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races is muoli ilDor tlmn is reported to be the case in Switz- 
erland, and also that the direrse forms do not appear to be 
speoially adapted to the local renditions nuder which they 
live. 

It IB not yet possible to advance a foil explanation of the 
diversity in type variation described above, but since this 
account is based upon a great many observations thero can 
be little doubt that the general nature of the situation is as 
stated. It seems to be reasonable to suppose that the root 
of the divorsitv lies in multiple factor inberitanco and that 
in some manner not at present understood, a considerable 
degree of segregation has occurred in some parts of the 
Rub-Arctic Region, while in others there has been little or 
none Tins matter reiimres further investigation 

Lyinnandtc in Isolated Mountain Lakes 

In several different parts of the Sub- Arctic Region there 
are mountain lakes which by reason of the rnggedness of 
the surrounding connlry, and the torrential oharaoter of 
their outlet streams, are isolated from other bodies of 
water That is to say there is little or no opportimity of 
an lutemuxture of their fauna with that of neighboring 
lakes. For the most part the fauna of such lakes is meager. 
In many instances in fact, no mollusca whatever are to be 
found in thorn. It is intorceting to observe that when these 
animals do occur in such situations, there is a marked 
tendency for the inhabitants of each snob body of water to 
resemble closely one another, and to be recognizably dif- 
ferent from all the related forms in the snrronndmg terri- 
tory. In other words, they form local races. This is true 
of the Ijijmnaa in Lake Zozumia situated in the monntain 
mngo known as Khamar Daban, to the east of Lake Baikal 
The form which inhabits this lake is dosely related to 
Lymnaa pereger, but is distinct from it, and has been named 
L. zazwmensis. Similar instances are to be found in tbc 
northern Rocky Mountain region of Korth America. In 
Amethyst Lake, Alberta, for example, there is an unique 
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Lymnata, aa yet undcecribod, but related to L pnlu^tris and 
L. traaicn. 

It is unlikely tliat any chang;t‘H of a fuudainontal nature 
are involved in the production of “ new " fomin nnoh dh 
these. It is probable that the particular combination of 
charaotorB which mark off these races has aneen throug'h 
the segregation in those isolated localities of multiple ge- 
netic factors which are present in tlio bulk of the popula- 
tion of related forms in other arcus but are not much in 
evidence. 

It is possible to place a different interpretation upon the 
facts outlined here on the basis of a supposed direct influ- 
ence of the environment upon the form of tho sholl, etc 
On the whole, bearing in mind tho wide range of variation 
of related forms in other localities, and a cei tain amount of 
expenmontal ovidenee relating to other spooios (Paiget, 
Joe, cit,), this explanation appears to be an unlikely one. 

V. ConcLusions 

It will be evident from the foregoing account that much 
remains to be learned about this fauna. Nevertheless suffi- 
cient information is available to justify tentative answers 
being given to the questions montioned in the Tnt rmluctiou 

1. Tho mollnsean fauna of the Sub-Arctic Region is 
made of two hundred and twoiity-flvo species and varieties 
One hundred and seventy of these inhabit fresh water, and 
the remaining flfty-flve are terrestrial. These species are 
drawn from a wide variety of different phylogenetic groups 
It appears that tho fauna is made up to a considerable n.\- 
tent of esiiecially hardy reprcscutativcs of groups which 
are found in greater variety in the territories lying further 
to the south. There are in addition a very few families, 
such as tho liyinnieidae, which appear to find conditions in 
this region specially favorable, and ocenr in groat abuti- 
donoe. 

2. The goographioal affinities of the Snb-Arotic fauna 
are as follows: in both Eurasia and North Anierioa the 
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Sub-Arctio fanna le oluaoly akm to that which inhabita the 
temperate zone portiona of each continent roapeotively; in 
addition to this there are a nainber of apeciee which are 
characteriBtic of and common to all parts of the Sub-Arotio 
Region It appears therefore, that there have been two 
senes of migrations in this region, vis. (i) from south to 
north in both Eurasia and North America; and (ii) in a 
eircuniboreal direction, by way of an isthmus in the neigh- 
borhood of the Behring Strait from North America to 
Eurasia, and vice versa, and also imssibly by way of an 
isthmus in the neighborhood of Greenland 

3. The distribution of both fresh water and terrestrial 
species within the Sub-Arctic Region is governed largely 
by climate and the character of the vegetation. Doth of 
these factors have far-reaching direct and indirect effeeta. 

4, There lias been soino modiflcation of the original mol- 
Inscan stock since its migration into this region, bnt the 
amount of change is small in comparison with that which 
has been observed in other parts of the world which have 
a wanner climalc than the Snb-Arctic. Some spenes have 
undergone little change, whilo others have boon profoundly 
modified In certain instances the change appears to have 
resulted from a rearrangement or segregation of genetic 
factors which aro present in the bulk of the population, 
rather than a change of a fundamental character Certain 
species which attain a considerable size in the temperate 
zone are represented in the Sub-Arctic by dwarf varieties. 
A very few totally distinct species appear to have bod thoir 
origin in the Snh-Arctic Region. 
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THE DISnUBUnOH OF BLECTRiaTY ON 
TWO CYUNDBRS 

B P. ADAMS 

Hem; PmfeMor of niyulai, Princeton Unlvenity 
AsenucT 

The dMrlbntiun of elertrielt; on two infinite); Ions ooDdurtlns atripe with 
thetredfMpenlldenillyliisIn tbeaune pleoe,endon two Inflnltdyluns etripeln 
pmellel plenee at a finite dWUoce apart when them la qrmmatr; about the plane 
pprpendtoular to and hhectins tlm, u rietennlned In thla paper The itripe 
may be of equal or unequal bnadtha. The}' may be Inaolateil irith any amlsned 
ehatfet on onlt lensthe and their dllferenee of potential U determined, nr they 
may be at the eaiiia potential and the imtio In which a siven rharte dlvidea between 
them la found Ftrr itrlpa of equal breadthn the force between unit lengtha ii 
found when the atrlia have any ehaifea. The dMrtbntion of elertriclty on the 
itripa when they am placed in a uniform eleotric field la alao determined. 

If the two atripa have equal and oppoaite ohatgea the eqiilpotentlal auifarea 
win eonaM of two ayatona of cyllnden, one ayatem aumundlng each of the atripa 
If any pair of theeeeyllnden la taken, one from each of the two ayalems they may 
be oonaldered aa oonduotlos nylloden and the dlatributun of elmtrliiity la found 
on them when they are ebaisad In any manner. TlMra la one ayatem of palm of 
cytlndeie that la of qieolal Uitemat aa It li a fair appirabnation to the palra of 
cyllnden obtained by dtvldbis a dronlar cyllndv by any plane parallel to the 
1 ^ and aepaiaUns the two portloni a abi^ dtatance. Tba force between two 
euch equal cyllnden when th^ have any ohargea la found Finally It la ahown 
how the diatributkm of etectrlrity on any aooh pair of cyUndae when plared In a 
imlfarm alaotile field may ha detanninad. 

1 . Thb capacity of unit length of a condenser conaiatmg of 
two infinitely long stripe of equal breadths in the same plane 
was found by J. J. Thoiuson in his Recent Ruearehee. The 
corresponding problem for two Infinitely long stripe of the 
same or different breadths lying m parallel planes at a finite 
distance apart was solved by Love ‘ The present paper deals 
with the more general problem when the two stnpe have any 
charges; the condenser problem is then a special case where 
the two charges are equal and oppoaite. The distribution of 
the ohargea when the stripe are {daced in a uniform eleoirio 
field ia also determined. Finally, a method u given by means 

■ Prc w ed fin e londm ifaftemsHiwf SceUt, U, p. 887, lea. 
rwcEBiMt or na umuuM muieopBioii< locnrT, 

TOL, 78, m. 1, OOTOSIB, 1887 
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of which the distribution of electricity on a wide variety of 
pairs of cylinders may be found. The method here employed 
IB one that was described by Richmond,* and which has 
recently been applied to a number of problems.* 

2. Let there ^ two infinitely long plane conducting strips 
in the same plane with their sides parallel to each other. 
These strips intersect a s-plane, perpendicular to their lengths, 
ID the lines AB and DC (Fig 1). The breadths of the stripe 

y 


- 1 ■ — « 
D CO A PS 

Pta 1 


are AB ay, DC ^ at 0 is the origin of coordinates in the 
s-plane. I^et CA « d. On account of symmetry we need 
consideT only the upper half of the c-pIane. In order to solve 
the electrical problems connected with these conductors we 
shall need to make use of the Schwars^Thristoffei transfor* 
mation by means of which the interior of any polygon in the 
plane of a complex variable is transformed to the upper half 
of a (-plane so that the contour of the polygon tranafonna 
into the real axis of the (-plane In the present case It is 
evident that the relation between the ■- and f-planee is 


* -/f» 


where / is a constant giving the scale of the diagram. 

The solution of our problems requires the use of elliptic 
functions. We shall make use of the substitution of the first 
order, 


t 


mX 

1 — fc s» # m X ’ 


( 1 ) 


■ Pnmdiiigt Lamiat HaAmaHftU SaelMf, 22, p. 4SS, 1032. 

‘ P n mw J f iifi Anwrinn P WtmnpKcnl S i cMf , UQCV, pp. U, 540, lOSS; 
LXXVI, pp. 125, 251, 250, 1015. 
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where A is the modulus of the elliptio functions and S a roal 
constant lying between — K and + JT, JiC being the complete 
elliptic integral of the first kind. We can now write 


s 


-/ 


sn \ 

1 — ktntmX 


/o\ 


Let ( ~ — r, — p, 0, n, m correspond to the points D, C, 0, 
il, B in Fig. 1. With the corresponding values, 


( V m n 

X - X + iX' K 

we find 


OB -fm 
OA -/n 


f 

k(l -mi)’ 



1 — kanS’ 


0 - p — r 

0 -K -K + iK' 


OC - fp 

OD’^fr 


I 

1 + Asn 4' 

^ 

if(l +mt) 


F (3) 


The infinitely distant point of the e>plaue coiresponda to 
I a 00 , X “ iK' + 4i and the origin to t » X “ 0. We find 
at once 

^ 1 — sn 4 1 — A «n 4 

fli l+8n41+ABn4' 
d _ 2k 1 — sn 4 - 

Cl 1— &1+A*n4’ ' 

d _ 2A 2. + »"i 
Of i— Al — A«n4 
and 

MCA 4A 
DACB°{l+ky 


If 4 — 0, the two stnps have equal breadths. 

3. Let Qi and (?■ be the charges on unit lengths of the 
strips AB and CD and V the difference of potential between 
them. If the oomi^ potential be 


X - w + qi’, 

with ^ as the real potential, the x-ldane is shown in Hg. 2, 
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when we aseiime that AB a at the higher potential. ( » — a 
correaponds to the point of equilibrium. It la shown oa being 
on CD, but of course ita position depends upon the relative 


6 



D 

Fia. 2 


charges on the two conductors. The differential equation for 
transforming from the x- to the t-plane is 

^ (5) 

dl |< + ft + p-1 - n-t — ml* '' 

There is a jump of — 2ti(Qi + Qi) in passing from t ■ + » 
to ( » — 00 , and so we get 

C - - 2(Q. + Q,). 

Using the substitution (1), we find the mdefinite integrals, 

r 77~r — — T ; p; - - fc cn * dn i'X, (0) 

J U + r 1 + p't - n-t - ml* ' 

/ tdi 

jt + r 1 + p-t — n-l — ml* 

where II(X, 8) is Jacobi’s form of the third elliptic integral, 

n(X. J) -i*anac»8dn« f- g ' - ^— -■ 

Jo 1 - an’ a an* X 
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The solution of (5) satisfying the conditions 


1 

X 

X 

Is 

X 


m n 

/C + iK' K 

V + 2 Tt(Q, + Q.) V + 2 ri 0 , 


- p - r 

-K -K+iK' 

2nQi 0 


-y irt 

2KK' ^ 


2(Q. + «,) jn(x, ^) - Z(t) x - 

. . _,r dn < inX II 

- * sm -*!«»»« *n*'xytj| 

+ ^ (<3i - <3.)^ + ix(3<3, + QO + ^(Q. - Of) 


(8) 


The difference of potential between the two strips is given 
by 


V - ?^(Q. - 0.) - 2(Q. + 0.)^. (9) 


The point of equibbrium, i - - s, is given by 

* ■ kcnldrTi ~ 

If the two strips are at the wtmB potential, » 0, and 
we get from (9), 

Q. -q. _ i 

Qi + Q» K’ 


or the charges are in the ratio, 


<3. 





( 11 ) 


If the two strips form a condenser so that Qi 
the difference of potential is 


*wK 




Q. 




V 
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and BO the capacity of unit length of the condenser is 


S 


K' 

4tK 


( 12 ) 


In this case the complex potential (8) becomes 

X - 


(13) 


4. In order to find the surface density of the distribution 
of electnoity on the conductors we need to evaluate 


di 


dt Hs 


- + ty. 


(14) 


X, y being the components of the electric intensity. Now 
we have 

* = - 2(Q> + ft) Lti 

di f {t + r t + p i — n I - m\^ 

(f —**«*»»>)(* cu * dn 4 sn X 
/cnXdnX 1 


On the strip AB, X - iiC + *», where p varies from 0 at ri to 
K‘ at B, and 


mX 


1 

“dn'w' 


cn X ■ — ik' 


r 

Wi' 


dn X 


k' cn' V 
dn’ V 


The accents on the elliptic functions mean that the comple* 
mentary modulus, li', is to be used. Bo we get Jf — 0, and 
as the surface density, a, is given by K » iwr, we find on AB, 


, _ (g . + Q.)( d n^«< _ -t*n j) , 

2irfk^ m' ven' V I 

+ {dn’v-km - m - ^,]| • 

If Qi + ft •• 0, so that the two strips form a condenser, the 
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surface density on AB is given by 

_ Q{dn* » ~ km by 
mfven'p 

The relation between v and x, the abscissa of any point on 
the strip, is given by 

f ^ JImi( 1 — sn i)(l — k «n 6) 

dn' V — km i (1 — k){dn' v — kmi) ' 


When t 
we find 


0, so that the two strips have equal breadths, 

„ - Qd 

AkK'(CP-AP BP-DP)> 


This agrees with the result given in the Reemi ReaearcAea. 

5. We shall next find the force between unit lengths of the 
two strips in the same plane. We see that by symmetry this 
force is along the x>axis. If we regard this force as resulting 
from the stress, integrated over one of the strips, it m 
evident that the only contribution comes from the edges 
where the surface density is infinite. But we can get over 
this difficulty by calculating the surface integral of the 
Maxwellian stress (X’ — taken over unit length of 

the plane of which the y-axis is the trace in the s-plane. For 
strips of equal breadths, ( — 0, and the calculation is very 
siinple. Writing X - u + w, we have, when z > 0, 


V 


,m' V 
■'cn* II 


and s 0 for ]/ 


0, 0 ■ /C' for y ■ » . Further, 


, .dn’ V. 
dy mf——dv. 

cn V 


Now from (14) and (16) we find for < la 0, X •• tv, 

V _ (Qi - Qt)r cn'* V 

^ "kUn>v • 

Y _ + Oi)* «w' V cn* V 

/ dn’ V 
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Hie force between the two oquel atnps in the same plane ia 
therefore 


n _ r(Q. - ft)* (ft + ft)'A^ 

^ J. ^ 


Now 


and 80 


r*'cn'’i>j _ I 

J. dfi' e®" "2(1 +*)’ 

r*'an'*Vj _ T 

J, daHi" ”5iRr+ fc)’ 

B - - g «)‘ _ *«?■ + Q«)' 

8^ii:'*(i + k) Vd + *) 


If a 18 the breadth of each atrip and d the distance between 
their adjacent edges, we have from (3) 


80 that 

R 




k 


_d_ 

2a + d' 


Aft - Qi)* (2a + d) . (ft + ft)* 
8 iC'* d(o + dj 2(a + d) 


If a IB very email compared with d, the two Btripw approxi- 
mate to parallel hne charges, Qi and Q, per unit Ihngth, at a 
distance d apart In this case h approaches unity and K' 
approaches v/2. Therefore R approaches the value 



a known result. 

6. Let now the two unequal strips in the same plane be 
placed in a uniform electric field along the z-axis; we shall 
find the charges induced on them, and their difference of 
potential, when they are insulated. The x-'plane is shown in 
Fig. 3, and the differential equation for transfmning to the 
f-plane is 

dx ■ C(t + s")(t - s') 
dt It + r-i + p-t — n-t — ml* 


( 16 ) 
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In order to integrate this equation we use the Bubstitution (1), 
and we have, in addition to the integrals (6) and (7), 


~S 



ken t 
an I 


(fc cn* 8 + dn* 4) 


ken* S dn* 4 
X ( n(X, 4) — * ain“' 




dn 4 dn X 

V(\ - k* an* i an* x)' 
4 cnX dn X 


Jt m 4 an X 

The solution of (16) satisfying the conditions, 

\~K + iK' K - K -K+iK' 
x~ V VO 0 

is 


kcntdni 


2KK' 


(X+X)+Z(X)- 


A; an 4 cn X dn X 
1— A;«n4(nX 


(17) 


(18) 


The two pointe of equilibriuin, one on each conductor, 
oonespond to ( « i' and ( — — a", and s', a" are determined 
by the two equations. 


a' - a" 


an 4(fe* cn* 4 + dn* 4) 
k cn* 4 dn* 4 ’ 

E' - jt*X' sn* I 
k*K' cn* S dn* s' 


( 19 ) 
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If S « 0 the two stripe are of equal breadth and 



The difference of potential between the two etripe ia 
determined by 

V «• _ 

kK' cnhdni' 

7. The constant C must be determined so as to make the 
potential at infinity, — Fx + const , where F is the In- 
tensity of the uniform field. At the point s - oo , X iK' 
+ a. Put 

X - iJC' + « -I- i. 

Then we find from (18) that x/C approaches the value, when 
t approaches sero, 

V is m adria 


Prom (2) we find that when t approaches sero, 
k* at a dn a 

Hence it follows that 

C - F/ 


for a field in the direction of the negative X4zia. The 
difference of potential between the two strips may now be 
put in the form 


T. wFd dn 9 
^ “ 2kK’ at a 


rV 




where d is the distance between the adjacent edges of the two 
strips of breadths oi and Oi. 

8. If the two stnps are at the same potential in the field 
•alcmg the x-axis the chargee induced on them will be equal 
and opposite. Let these be ± Q per unit length. The 
x-plane is now different from that shown in Fig. 3, but the 
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differential equation for tranaforming it to the (-plane u the 
same aa (16), with of oourae different valuea for a’ and a". 
The solution of (16) aubject to the oonditiona 

\^K + iK' K -K -K + iK' 

X- 0 2TtQ 2rtQ 0 


u 


with 


and 


ken 6dn 6 


+ ( 21 ) 


Q 


4Kk cntdnl’ 


a’ - a" - 


an i 




1 


k^en* S dn* S 




( 22 ) 


The constant C, found in the same way as before, is C — f/. 
The equal and opposite cbarKee induced on unit lengths of 
the two stripe are now given by ± Q, where 


Q _ Ff _ _ Fd dn t _ F (oio,)* 
4kK entdn S 8kK cn S iK (1 — k) 


The electric intensity at any point of the r-plane and the 
surface density of the distribution of the induced charges on 
the conductors are found just aa in Art. 4. We now have 


-krU\’ I- ‘ - ■") 

X (1 — 1; sn 8 sn X)«n X — «'«"(! — A; «n 8 «n X)’|. 

If the two atnpa are insulated the values of a', «" given by 
(10) are to be used, while if the two stnpe an at the same 
potential we use (22). If the breadths of the two stripe are 
equal we find for the surface density on AB, in the case of 
tin insulated strips, 

Fk f, ff' „ 1 

^ "irk'^an'vcn'pr " " I’ 



202 


E. P. ADAMS 


If the two strips are at the same potential we find 



The coordinate z of any pomt on the strip is given by 
_ 

dn' » (1 — k)dn' v ’ 

0 In the second problem we shall take the two unequal, 
infinitely long parallel strips in planes at a distance d apart. 
The s-plane is shown m Fig 4 Let OE « di, OF - dt. 


A 



B 

Pis. 4 


FE “ d " d| 4" dff EA. EB * Oi, FC " FB " 0 %, The 
upper half of the s-plane is transformed to the (-plane by 
means of the differential equation, 

^ _ _^(‘ + •') , 0,1 
dl {I + T-t + p-t ~ n-t - m]i 


This equation is of the same form as (16), and its solution 
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Batiafying the conditlona 


is 

t - 

with 


\~K + iK‘ K -K -K + xK' 

f " di di — dt — dt 

d , . K'd ksnSm\dn\\ , d, — dt 


, (24) 


A 


K'kd en t dn t 
r 


i' and a" are again given by (19). 

On EA, X - if + 111 , * — di + ;yi, and on FC, X - 
— X + III, * — — dt + xy. We therefore get from (24) 


Vi 

V> 




(26) 


Let 01 and vi be the values of v corresponding to the edges A 
and C respectively. Ci and i% may be detemuned by the con- 
ditions that Vi and Vi. given by (26), be maxima. Or we may 
use the values of a' and a" given by (19). Putting 


„ E' - fc'X' an* t 
" “ k'K' cn* Sdn*t' 

we find 

1 (A* -i- 45)* - A 

s' 2B ’ 

I (A» + 4B)t -t- A 
T’" 2B 


( 26 ) 


The signs of the radicals are chosen so as to make, as they must 
be, s' and s" positive Since s' and — s" are the values of ( 
at A and C, we get from (1), 


dn' C| 
d»' 




( 27 ) 
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If t ■ 0, the two stripe hsve equal breadths, a. Then we 
have A - 0, B - E'lk*K', v, - s, - a, 

dn'a-Jfc(5i)'. (28) 

and 



For large values of a/d the modular angle is very small and 
rapidly converging series may be used. We may wnte (29). 


X a 

1P2 


Using the Fourier expansion for the Zeta function, this gives 
a a , 2/C' i , o* . . nvo 

Similarly, (28) gives 


1 


4»K' i , no* ,nvo 

— ^L(-i)*r^oo«h-^- 


(31) 


For very small modular angles, with k - 10~' and less, we 
may put 

w 


K - 


2 ’ 


log K' - log (logj) + 0.3622167 


(the logarithms are to the base 10 ), and 


^ “ 18’ 


For these small modular angles it mil be found that 2a is so 
large that we may put 

cosh 2o — Binh 2a — Je**. 

Assuming this for the present, and since 9 ** is negligible In 
comparison with unity, we have as the equation, for de* 
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termining a, 


1 _9<!! 

iX’ “ (1 + ?«*•)» 

Solving this quadratic equation, remembering that a must 
be less than K', we get 

je*- - 2/C' - 1 - [4K'(X' - \)J. (32) 

Equation (30) may now be written 

a a 2K' ,,,, 

4~r IT l + 5e*«' 

The following table gives the results of the calculation for 
values of k ranging from 10~' to 10~" 


k 

locJC' 


• 

•/4 

to-' . 

0 BisTasr 

00331084 

8 874670 

10386 

10-< 

lossieso 

0 0347733 

&747B» 

3 6318 

Mr* 

1 110603S 

00301668 

10047860 


10-* . 

1 1818BS3 

00170137 

13164000 

4 0388 

10-' 

13481470 

00147D38 

18804687 

4.7887 

10-* 

130S81B3 

00130643 

17638800 

6 4618 

10-' 

14448801 

00116080 

10470809 

61670 

itn* 

14879000 

00104870 

33181808 


io-«. 

1.4367808 

00008338 

34 888308 


lO-u 

14638878 

0.0087584 

36 648443 

84331 


Reluming to the general case when 8 is nob sero and so the 
two stnps have unequal breadths, we may aasume values for 
8 and the modular angle and so calculate A and B by means 
of the equations (20). The equations (27) then give the 
values of dn' Vi and dn' and so Ci and o, may be found. 
The values of the ratios Ot/d and Ot/d are now given by using 
(26). For very small modular angles the Fourier expansions 
xd the dliptic functions lead to comparatively simple results. 

Since 

1 

" m{K + is) 


dn' p 
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we get, from the known expansion of ns u, 

Assumiog that Vi and Oi are so large that we may write 
cosh e ~ )s*, 

we get, with ^ ~ ^ > 


dn' V| ■ 2e“** + 


1 + (j'e*" 


Now Vi and are each less than K' so that qV" and gV" are 
ne^igible compared with umty. So we find 



In equations (26) for very small modular angles we may put 


dn' Si 

" eip 

sn' »! — 1, 

cn' Pi 

-c.( 


dn' V, 

- Cl, 

an' e, - 1, 

e»' 1% 

-c.( 

■-?) 


The Fourier expansion for Z(s, k') is 

For very small modular angles, and for large values of e, this 
reduces to 
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Bo we have 


a,_K'J 
d X 

+ 

1 

■-S 


1 

d _ a; 

a, T 

r-'+( 

-a 


■ 


If values of il and S are assumed, (20) and (27) determine 
Cl and et. Si and e, are then determined by (84), after which 
(36) gives the ratios Oi/d and th/d. 

As an exampie, take sn 4 » 1/V2, or, practically, 5 - K/2, 
with k — 10~“. We find 

log A" - 1.4620673 
logc, -^1434600 
log e, m 11.3406371 
log 01 - 14400194 
logv, - 1.4020602 
and 

a,/d « 12.786 
th/d - 7.726, 

and therefore, 

oi/oi — 1.668. 

Larger values of I increase this ratio while smaller values 
bring it closer to unity. 

10. When the two stnps in parallel planee have charges 
Qi and Qi on unit lengths, at a difference of potential V, the 
Z-plane is the same as in Art. 3, and all of the results given 
in that article are valid in this cose. The electric intensity 
is given by (14). We now get, combining (6) and (16), 




2(Qi + Qt)ir < + ■ 

R'kd cn i dn S P — (»' — a^')f — ' 


(36) 


8 IS given by (10) and s', s" by (19). 

In the iMTticular ease 4—0, the breadths of the two strips 
are equal; and if Qi + Qi - 0, so that the stripe form a eon- 
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deiuer, we And on E'AE (Fig. 4) where X — X + Wi 
„ 2Qt* dn^ t 


E' , 

t. 

The surface density on this strip is given by 


The capacity of unit length of a condenser consisting of two 
strips in parallel planes is given by (12) and depends therefore 
only upon the modular angle. (12) may be written 

o 1,1 

S-i^ilog-. 

and for very small modular angles, when the ratio of the 
breadths to the distance apart is large, this is 

5-2^IogJ, 

where the loganthm is to the base e. We observe from the 
table given in Art. 9, and from the calculation at the end of 
that article, that the capacity of a condenser conaistiiig of two 
equal stripe such that the ratio of their breadths to the dia- 
tanre apart is 10 323 is the same as that of a condenser con- 
sisting of two unequal stripe such that these ratk* are 

^ - 25.672, ^ - 16.462. 

This capacity Is 

5 = ^log 4 10” - 1.470. 

When the two equal strips are at the same potential, so 
that Qi - Qi - Q, we find on E'AE, 


X 
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It f(^ow8 that the surface densilies at the points E' and E are 
in the ratio, 

- »') 

(£' - k*K') ’ 

which is very small for strips near together in comparison with 
their breadths. In the case of the condenser the correspond- 
ing ratio is 

K' - E' 

E' - k'K' 


11. The force between unit lengths of two stnps in parallel 
planes with any charges may be found by the same method as 
that used in the case of two strips in the same plane (Art. 6). 
When the two strips have equal breadths, t — 0, and we get 
from (36) for the components of the electric intensity in the 
plane 7*0, where X * to, 

V _ 

k>K"d M~'v + c'en'*v' 
y _ 2ir(Qi + Qt) »n' yen' V 

with 

From (24) when X * to. 


V - 


K'd I m' p dn' v 


- Z{v, fc')| 


and 


dy - ^sn^Jlc^CTlo 


Then the force between the two strips is 
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or 


R - ^(Qi - ft)* f *' o»'*««to 

4**JC'*rf J. c* - (c* - l)»n'* r 

«3i + Qi)* f*' «n'* g Jp 

c* - (c* — l)»n'' e 


We find 


r*' cn'^v 

X e* — (c* — l)»n'* » 


K tn a cn a 


-dv 


K' dn'a 


1 )*b'* V Ic'' sn' am' a 


— Z(a, k'). 


r*' w'* 

Ji C* “ (c* — 

By (28) we have 

Accordingly, the force between unit lei^ithB of the two ttripe is 

(e. + (3.)' dn'a 


For large modular angles the rdtio a/d is very small so that 
in the limit when k approaches unity the two stripe approach 
two parallel line charges, and Qi, per unit length, at a 
distance d apart. Now wo have 

When k approaches umty, 9' approaches sero and X' ap- 
proaches t/2. So keeping terms in t' only we get 

Z(a, k') •• 8g' sin a COB a. 
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We CBn put in thli case, 

dn' a B 1, m' a ■■ sin o, 

So we get 

dnf a 

" 2 - 

and therefore, 

P 2<3.<3, 

R 


en'a — ooe a, and g' — k''/16. 
1 




This is the known attraction between two line charges Qi and 
Qt at a distance d apart as we found from the case of going 
to the limit from two etripe in the same plane. 

For very small modular an^es the ratio a/d is large. If 
we have a parallel plate condenser and ne^eot end effects, 
assuming that the charges are uniformly distributed over the 
adjacent surfaces of the plates, the attraction between two 
plates of breadth 2a is, per unit length. 



Q being the charge on a unit length of the positive plate. 
For very small modular angles we may put 


Z(a, k') " tanh « “ 

and os we have seen in Art. 6 that a approachee X' as Jb is 
dimuiished, it follows that Z{a, k') approaches sero. And as 
a/d approaches the value ajv we see that the force between 
the two equal stnps when Qt — Qi ~ Q tends to the limit, 

J* - 

a 

12. In a uniform electric fidd along the z-axts all planes 
pe^|>endicular to this axis are equipotential surfaces, and so 
any porUons of them may bo made oonduoting surfaces. 
Tlmrefore the difference of potential between the two un- 
(dtarged stripa will be F « Fd, where F la the constant 
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Intensity of the electno field ; the surface density of the charges 
induced on the strips is ? ± ^/4 t, being equal and opposite 

on the two sides of each strip. 

But if the two strips are at the same potential, the complex 
potential is given by (21) but of course with a different value 
for the constant C than in Art. 8. We now have, combining 
(16) and (23), 

^ Cv t + Ift — Si 

dt “ Kfkd en B dntt + a" -I — s' ’ 

where Si and si are wntten for the s', s" of (22) ; s' and s" are 
givenby(16). Whens > »,t ~ a>,e3iddxjdz ~ F. Hence 

- FK'kd entdnB 


Accordingly we have in this case, 


with 


X 



kmBcn\dn\ 
1 — kanBanX 



Q 


FK'd 
“ AaK ' 


The charges induced on the two strips are ± Q, ths'itfaole 
induced charge being sero. 

If the breadths of the two strips be equal, we find 

ik*8n>X - - I 

- X + vr - F ^ tiA 

fc* sn’ X ~ 

Along the y-axis, 

r-0, 
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Thu gives a measure of the shielding effect produced by the 
two equal strips at the same potential. 

On the strip E'AE, where X — X •• iv, we find for the 
surface density, 



V 0 at E', and « - X' at E. 

When the two uncharged strips at the same potential are 
placed in a uniform eleotric field along the y-axu, the x-plane 
is the i-plane turned through a right angle. So we have, 


We now have 


X 


iC't 



sn\ 

ktnim\ 


- X + iY 

dt dt 


Since F - f when ( - « , we get from (23) 


C 


FK'kd cntdni 

T 


The charge induced on the upper half of the strip AB is 
Qi - ^ - n). 


and the charge induced on the upper half of the strip CD u 

Q.-g(r-p). 

We therefore get, using (3), 

^ PK'd(l — k)cn idnt 
“ 4t>( 1 - «n»)(l - *8n»)’ 

- FK'dil - jk)en t dn d 
“dT'd + sn 8X1+ *«»«)■ 
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Acoordini^yr 


ft _0|, 

5"oi‘ 


When the stripe have equal breadths, t — 0, and the surface 
density of the charge induced on E'AB, where X ■ X + tv, is 


a 



m’ pen' V 


13. We ■hull now show how the results that have been 
obtained may be appUed to get the distribution of electricity 
on pairs of cylinders, with any chargee, of a wide variety of 
form of croes-section. From Equation (13) we see that the 
potential, the real part of x, has a constant value for constant 
values of the real part of X. Put 

X - w - tt + 1C. (37) 

If we take u - aK, where « is a postive constant, less than 
unity, we shall get an equipotenti^ surface which, for at ■■ 1, 
becomes one of the two stripe that we have considered. 
Bimllariy, if we take u - — 0K, where d is a positive constant 
leas than umty, we get another equipotential surface For 
d ~ 1 we get the other one of our pair of strips. If we nOw 
substitute (37) in (2) or in (24) we aball get equations of 
the form 

t - F(tf). (38) 

Separating the real and the imaginary parts of (38) we get 

X - /i(ii, c), 

V - /t(«. »). 

These are the equations in the parametric fom of the cylinders 
u M const. The variable c, lying between 0 and K' detCT- 
mines the position of a point on one of the oyllndars. We 
shall consider only the case t - 0, which means that the two 
strips from which we begin have equal breadths. 
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Taking tint equation (2), we Snd 


X 

V 


-/ 

-/ 


m u dn' g 

1 — dn* u in'* V ’ 
en u dn u sn* V en' 
1 — dn* u «n'* u 


V 


( 39 ) 


We see that y vanishes for e — 0 and for e - K', and has a 
maximum for a value of v determined bjr the equation 

"1 


This maximum value of y ia at a distance from the origin 
“ 2FSrii^^ + + ***n*ii)«, 


and its value is 

1 / cnudnu 

® “2* «nu 

The breadth of the cylinder u given by the difference between 
the values of x for v « K’ and v - 0. It is 


/I — km* u 
** “ h an u ' 

and the distance of the nearer vertex of the cylinder to the 
origin is 

di •• f mv. 

Let us now consider the cylinder for which 
tt — (1 — e)K, 


We have 


mu 


en sK 

Si'eR’ 


V «a e/t 


dn u 


it' 

dtiJR' 


Let € be 80 small that we keep only first powers of s. Then 
we have to a first approximation 


m u 1, CO w - ek'K, dn u - h', 
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and (39) gives 


^ M r, -J 

The oylinder represented by (4) has a breadth along the jr-axis 


The maximum value of y la 


at a distance from the origin 

X. - Yk^Kl + 

and the distance of the nearer vertx to the origin is 
d, 

In order to show the nature of the cylinders obtained in 
this way Fig, 5 has been plotted to scale. The cylinder on 



the ri^t is that for which u ■■ Kft, and is plotted from (39), 
' The cylinder on the left is that for which u - — (1 ~ e)K, 
with s - 1/20, and is plotted from (40). The modular an^e 
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ia 6°. The Staithsonian Tables of Elliptic Functions were 
used In plotting these curves. 

The area of the cross-section of any of these cylinders is 
given by 

-‘-//t. («) 

where 

From (39) we find 


du “ So 
dx dy 
Be “ ~ dti ’ 


, , , c»'’ v — A;* sn’ M sn'* i> 

enudnu dn'v— — ;j-— , 

(1 — dn? u m »)• 

, , , i* cn‘ u -h dn* u dn'* v 

• f »n urn' ven' e 


(1 - dn* u m" »)» 


(43) 


For the cylinder defined by u - ± (1 - e)K, if we neglect 
powers of s higher than the second, we get 

A - ^ 1(1 -I- ¥)E' - 2k*K']. 


14. We next consider equation (24) for the two stripe in 
parallel planes, with 3 - 0, we have 


* " +~7“Z(w). 

Separating the real and the imaginary parts we get 

* «/ X . wu . Jf sn tt cn « dn « sn** e 

J - z<.) +^+ , 

V . dn* V sn' p en' V dn' e 

)!--zc.tO+ . 


(44) 


( 46 ) 


where we have put 


/ 


K'd 

r 
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From (44) we find 
1 d» 1 

fdvi^f\dv *dv) 


E' 

S?" 


ib'tn'ie. 


(4fl) 


From this, or by differentiating the equations (46), we have 


ISx E' 

ib*(wi* M tin** p — cn* u dn* u sn** v cn'* p) 
(1 - (in*u»ii'*»)' 

1 to 1 to W mu cnudnutn' V cn' V dn’ V 
J du S du (1 _ dn* u m'* r)* 


(47) 


It is seen that y vanishes for e > 0 and for o K', it has a 
mft»itniiin for a Value of « given by equating the first of (47) 
to lero. If Vt be the value of t corresponding to the maiimum 
of y, and we put 

en'* Vo - {, 

{ is given os the smaller of the two roots of the equation 

^j^ 7 n>u — efi'u^dn*u-{* ~^^^dn‘u — f^m^u 

) E' 

{ + - sn’ tt - 0. 


If u ~ ±K, BO that the cylinders reduce to two «iual 
parallel strips in planes at a distmioe d apart, this equation 
IS equivalent to (%). 

The maximum thickness of these cylinders along the 
x-Bjda IS given by the differenoe between the values of x for 
p • K' and v » 0. Bo, colling this thickness b, we get from 
the first of (4C) 


b cnudnu 
J mu 


(48) 


Let now w - (1 -> t)K. Then keeping only first powers 
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of we find 


X 

/ 

V. 

/ 




(49) 


To this epproziinAtion the maximum value of y, denoted by 
a, la the same aa in the caae of the two equal parallel atrips, 
detennined by (28) and (29). The ma»imiim thickneaa of 
the cylinder ti > (1 — «)ilf ia given by 


b 




Figure 6 ahowa the croas-aectiona of two of theee cinders 
for a modular angle of 5*. For the cylinder on the right, 
u X/2, and for the cylinder on the left u — — X ao that 
it reducea to a atrip. In plotting the cylinder u -i X/2 
equationa (45) were uaed. liieae are now, 


where 


and 


X — Xt k*k' m'* V 

f “ 1 + *'1 

-k') +43fM 
y V m' V cn' V dn’ V 


The Snuthaonian Tablea of Elliptic Functiona were uaed in 
plotting Fig. 6. 

For very amall modular an^ea we may uae the Fourier 
expanaiona of the elliptio functiona. The expanaion of the 
Zeta function in (44) leada to 

X TV , 2r— g* . nru . nirt 

/ - 2HP + r t TT TT ' 

V XV . 2r^ y nrii . , nxv. 

7 “ ■aop 
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For modular angles for which k • 10~' or less we can take 
with sufficient approximation, 

g - K - »/2. 



The infinite series will begin to contribute appreciably only 
for values of v that are large enough ao that we can put 

cosh 2v m ainh 2 p *• Je". 

Now 9 * IS negligible compared with unity. Therefore if we 
put 

V -g^, 


we shall have 


with 


— j - 2£K»8in-j^, 

^-^ + 2p*coe^ 


Zt 

7 ' 


Malang use of the two known series ‘ 

■ ftODWiah, InfitUt Smim, aeoiid ediUoii, p. 188 
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we Ret 


Er* nn nx 
1 

Er* COB nx 

X 



ranx 


"1~ 

2r coe X + r*' 

T 

coe X 

- r* 

“i - 

2r cos X + r*’ 

2V eon 


V*- 

2V cos^, 

2F| 


cos^) 

1 + 

V* - 

n.-,r iru 

2V 


(60) 


If u - (1 — i)K, with « amall, we may wnto 
X — Xt 2*'«V 

/ “?rrfp’ 

y V 2V 
f~W 1 + K’ 

with 

*• «•(! - «) 

/ “ 2Jf' ' 

The expresaions that we have obtained are not quite 
accurate for email values of v. For s — 0 the true values are 


X - xo - y - 0. 

Now for s > 0, V — 9, and since for small modular an^ee 
q •• VfU it la obvious that the error made u insignificaut. 
Even for values of v as large as K'l2, V — y*, so that if 1; is 
less than 10~' the exi»«Beions that have been derived will 
lead to results of sufficient accuracy. 

Figore 7 shows the oroes-seotions of two cylinden, plotted 
to scale. Hie cjdinder on the right is given by w - aK, with 
a - 1/2; that on the left by u - — pK, with /9 -• (1 — •). 
The modulus is it i- 10~', and « has bwn taken as 1/20. 
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Figurea 8-10 show the cnMa-aections of three pairs of 
oyiindeis for which a + ^ 1< The modulue ]b k ^ 

In Fig. 8 the two cylinders are equal, with a - |9 - 1/2. In 
Fig. 9, or ■■ 1/3 and 0 - 2/3, while in Fig. 10, a > 1/4 and 
0 ■ 3/4. It will be observed from Fig 8 that we have here 
an approximation to two equal eemi-eircular cylinders sepa- 
rated by a small distance. And it also appears from Figs. 
9 and 10 that all pairs of cylinders for which a + d * 1 
approxiinate to what we should get if a solid circular cylinder 
were cut by a plane parallel to its axis and the two portions 
separated by a distance which decreases as the modulus is 
diminisbed. 

Equation (40) may be developed into the Founer series, 



nru) 

IT- 


From this, or by differentiating (60), with the same approd- 
nmtiona that we have used, we get 


1«* }av . 4F|a-HFVoe^-2v) 

7 om ■fiTi' 

+ F* - 2F cos 


ito 

7 fls 


1^ 

7att' 


4F(1 - nsin J 


I + V*- 2VroB 


ru * 

T 


(61) 


For the special case u * KI2, as in Fig. 8, we find that y 
b a maximum for a value si of v determined by 


F, - - (2Jf')‘ - (2*' - 1)‘. 

The maximum value of v, as well as the corresponding value 
of X, may therefore be determined from (60). 

The area of the oroas-eeetioo of any at these oylindere b 
given by (41) and k* b determined by (42). From (61) we 
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find 


Ph* 


j gy2V(X'-l) + (l + K')C08;jf 


K'»+ K 


1 + V» - 2^ CM 


Z 


For the cylinder define<f by u — Kl2, the bmits of integration 
for ti are X/2 and K, for tr they are 0 and K' and the result 
must be doubled to take in the lower half of the cylinder. 
The result uf the integrations gives 




with K ia t/2 for small modular angles Thus we see that 
'the cylinders illusl rated in Fig. 8 have a cross-sectiooa] ares, 


^ 0.9«.55 


This shows how closely they approach to senu-circular 
cylinders of radius /. For infirutely small modular angles K' 
approaches infimty and the area therefore approaches the 
value t/’/2. 

16. Equations (39) and (46) are derived from transforma- 
tions of the form of (38) such that if constant values, u = aK 
and u - — pK, be given to u, where a and p lie between 0 and 
1, we obtain a pair of cylinders of the types illustrated in 
Figs. 5-8. The upper halves of the i-planes, esternal to 
the cylinders, correspond to the interior of a rectangle in 
the tc-plane which is formed of the u-rnns, a Une parallel to the 
M-axiB at a distance K' from it, and two lines parallel to the 
v-Bxis, one at a distance aK to the ngbt and the other at a 
distance PK to the left of the origin The infinitely distant 
point of the s-plane corresponds to u — 0, s - K'] the origin 
of the e>plane corresponds to u — v — 0. The interior of this 
rectan^e may be transformed to the upper half of a (i-plane 
by means of elliptic functions to a different modulus from that 
which hoe been used in defining the cylinders. We shall dls- 
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i26 


tin guhih the new elliptic functions by the subscript 1. Thus, 
Jfei, t/ are the two complementary moduh used in the trans- 
formation to the fi-plane, Ki, E, are the complete elliptic 
mtegrals of the first and second kinds to the modulus Jbi, and 
Ki', El' to the complementary modulus ki'. 

The Schwars-Christoffel differential equation for trans- 
forming from the u- to the ti-plane is 


dw A 

dii “ (<i + ri it + Pfii — ni <i — mil* 


(58) 


As we pass along the z-axis in the 2 -plane m the positive 
direction from — , the points at which the axis meets the 

cyhndcrs correspond to li — — ri, — pi, ai, Wt in order We 
use the substitution obtained from (1) by changing to the 
modulus ki and writing ii for t, with the aid of (6) we get for 
the solution of (68) that satisfies the conditions, 


ii - mi 

ni 

0 

- Pi 

- r, 

00 

Xi-K,+ iKi' 

Ki 

0 

-Ki 

- /Cl + %Ki' 

iKi' + 4i 

1C - aX + iK' 

aK 

0 

-9K 

- 9K + iK' 

iK' 



w ■■ 

^(X ■ 

- «.), 

(69) 

where 



«i - 

*^^9 + a' 

(60) 


Aki cn ti 

dn • 

K' 

ki' 



K 2K, 

K> “ Kaa + 9) 


A given pair of cylmdera is completely defined when a, 9 and 
the modulus k are given Then equation (02) determines the 
ratio Ki/Ki, and therefore the modulus ki may be found. 
Equation (00) then determines <i 

10 If the cylinder u • aK has a charge Qi per unit length, 
at potential V, and the cylinder u • — 9K has a charge Qt 
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per unit length at potential 0, the x-plnne is the same aa in 
Art. 3, and we can tiae all of the results obtained there if the 
modulus of the elliptic functions be taken as ki instead of k, 
and given by (60), be written for S. In particular, the 
capacity of a condenser formed of unit iengths of the two 
cylinden is given by 



Using (62) this may be written 

^ ” 2v(a + P)K' 

It follows that all pairs of cylinders for which a + d ~ 1 have 
a capacity which is just twice that of the pair of strips from 
which they were derived Thus the cylinders illustrated in 
Fip. 8-10 all have the same capacity per luut length This 
capacity is, with k >• 10~^*, 

S “ 2.9401 


When the cylinders have any charges, Qi and Qi, the 
difference of potential between them is given by (9) in which 
the modulus ki instead of k, and instead of 3, is to be used. 
Thus we find for the difference of potential, 

V - 2T^(a0i — gQt). 


The point of equihbrium, — «i, is determined by (10) 
which now becomes 

, 1 I t(Q. -ft) 

* ki en Si dn ii ( 2/Ci'(Qi + Qt) 

- Za.) - 2^^, j (mod. it.). 

The electric intensity at any point of the s-plane is given by 


~ X + ^r - 


2(Qi + Q i)K,' j ki cn ii d n 5, a 

S' I 1 — £i sn li 


sn(\i, k^) 


m \j 


, »L«?i - Qt) \ rS, die 

2ir,'(b, + Qt) ~ 2KJC S 
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For the elhptic funrliona ineide the brackets the modulus is ki 
while in dw/dz the modulus is k. Mow 


where 


and 



+ (v^y _ /^v + 

VSi'y \dti/ “ \dv/ \Su/ 


dw 

dt 


h 


( 06 ) 


We can therefore determine dwjdz for pairs of cylinders de- 
rived from equal strips in the same plane (Fig. 6) by means of 
the equations (43), and for pairs of rybnders derived from 
equal strips in parallel planes (Figs 7-10) from the equations 
(47). For very small modular angles we may use (51) in 
place of (47). 

In the condenser problem Qi + Qi • 0, and the surface 
density at any point of the cylinders is given by 


a 



(60) 


Q being t he charge on unit length of the positive cylinder and h 
IN to be evaluated for the given point. Thus the surface 
density at any point of the conductors may readily be found. 

But in the general case when the cylinders have any 
charges, Qi and Qs. we must evaluate «n(Xi, ki) in (04). By 
(50), 

Al * W + Ol 


and on the cylinder definied by u •> aK we have 


. . if.' 
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Therefore 


»n(Xi, ki) 



(mod. ki) 


The case a + d ~ illustrated in Figs. A-10, is of special 
interest. By (62) we have 

2A" A',' 

K ~ A', 

and It follows from this that 


9i - 9’- 

We therefore have an apphcation of Landen’s quadratic 
transformation with the results, 


and 


1 - H' A* 

“ 1 4- A' " ("I + A')‘" 

r+T’ 

K' - i(l + k')K, 

K,' - (1 + k>)K', 


c»iC(l + k')iv. A,] 
dn[(l + k')iv, Ai] 


1 + A' Hn'^ V 
cn' c dn' V , 
1 - A' m’‘ •< 
r dn' V ' 


and therefore, 

, , 1 + A' sa'* V , . 

»n(X,, A,) (mod. A') 

i ^ K 871 V 


on the oyhnder u - aK, On the cylinder u ^ - pK we 
merely change the sign of this expression. 

The surface density on the c^inder u - aK, in the case 
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a + 0 - 1 , may now be expressed in the form, 

_ (Qi + Oi)(l + t ') kx en i, dn 5,(1 + k' sn'* Q 

2t i — Ihtnii — (I + kisnti)k’ an'* V 

I Q>) 7/. L \ 

2(1 + k')K'(Q, + Qx) 

" 2(1 + k')lt'Y’ 


where h is to be evaluated at the given point by means of (43) 
or (47). In this expression for the surface density the elliptic 
functions «n li, cn Si, dn i, and Z(Si) are to be formed with the 
modulus ki. As they are constants for any given pair of 
cyhnders it is more convenient to leave them m this form than 
to transform them to the modulus k 

If the two cylinders are at the same potential we have 

Qx -oQ, Q,~ 0Q, 


where Q is the sum of the charges on umt lengths of the two 
cylinders. We then find for the surface density, 


g = + k') I ki cn ti d n >i (l + k' m'‘ v) 

’ 2» ll — Ati an fi — (1 + lii sn 4i)ifc' an'* c 

-Z(4,)|a, 

and for equal cylinders, as m If'lg. 8, 

Q(l -k')l +/t'an'*v, 

' " ■ 2t l-l'm'* /■ 


( 68 ) 

( 69 ) 


17. Thu force between unit lengths of the oylinders 
a - /3 - 1/2 when they have any charges, Qi and may 
easily be found. In the plane x 0, u — te, and by <69) 

Xi - i c (1 + k')u/. 

Then by Landen’s transformation 

sn(X„*,) -1(1+*')^;^^^ 
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in the plane z - 0 Furthermore, by (40) we find 
^ J cn'* V _ 

d* - (c‘ - ’ 

where 



aa in (28) Then we get from (04) 

V f(Qi - Q») c n'* 

'~7kn^ c» - (c* - l)*n'* »’ 

y „ + ^») m' Pen' V 

/ dn'efc* — (e* — !)«»'* e] 


By integrating the Maxwellian stress over the plane z « 0 we 
get for the force between unit lengths of the two cylinders, 


« ■ cf «■ - 


Now 


cn' I) 

BO that we can write 


^ _ v(Qi — Q»)' r*' cn'* V dv 

Jo c> - (c* - l)sn'* u 
_ + tf.)* r*' en'* i; dp 

rf J, dn” i;[c* - (c* - l)8n'* »] ‘ 

The first integral wo ha\c already bad m Art. 11. For the 
second integral we find 



sn'* i> dv 

dn'* p[c> —(<;• — 


l)«n'* v] 


X' tn' a dn' a 
cn" a 



sn' a m' a 
dn' a 


- Z(a, *') • 
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Therefore, 


B - 


rfn' 


I'al 




-dn'' 


fk'^ an’ a cn' 


If Qi + (fi ~ 0i the force betireen the two c}^hndera is of 
course the eame as the force between the two equal stnpe at a 
distance apart given by 


d 


zL. 

K' 


For the two cylinders ore equipotential surfaces, one surround- 
ing each of the strips when they have equal and oppoeite 
charges 

For modular angles that are so small that we ran put 


B' = i, K ^ ir/2, k' " 1, 

we have 

dn’ a - kKK 
m' a ~ k{K' - 1)«, 
»r»' a — 1, 

Z(a, fc') - 1 - 

Then we find 


A 


1 / K’ y\r {Q,-Q,y 



K' and a are given in the table on page 20A The ratio of the 
repulsion between the two cylinders when they have equal 
charges to their attraction when they have opposite charges is 
therefore 

4 K' 


and for very small modular angles this is simply In the 
limit when k approachee 0, the two cylinders merge into a 
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complete circular cylinder. The force tending to separate the 
two halves u then, since ajK' approaches unity, 

4Q1 

A ■ 

2(2 is now the charge on the complete cylinder and / its radius, 
and BO our results agree with this known value 

18 If any pair of cylinders of the types illustrated m 
Figs. 5-10 be placed in a uniform electric field along the x-axis, 
the complex potential when the cyhnders are insulated and 
uncharged ia given by an equation derived from (1 8) hy chang- 
ing to the modulus ki. The constant (/ in this equation must 
be determined so that at infinity the potential shall be 
ip ^ Fx const , where F is the intensity of the uniform field 
Now when * — « , V, — %Ki -1- S, Pul 

>1 = lA'i' + + fi (70) 

Then we get from (18) 

C' . . 

■A “ r + const., 

ai*i cN ^ on ii 


m the linut when «i approaches sero. By (59) w bru has the 
value given by (70) w has the value given by 


= f71) 

where 



For the cylindera derived from two equal strips in the same 
plane, we find by using (71) in z ^ / «n w. 


r 


f fKx' 

kt “ 


Hence it follows that the constant C for pairs of cylinders 
dcriv'ed from two equal strips in the same plane is given by 

_ F/k,K/ 
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Similarly, if we eubslitute (71) in (44), we find 


JKi 


So it follows that for pairs of cylinders denved from two equal 
stnpe in parallel planes the constant C is given by 


C 


FfKi'k 


-en S| dn t,. 


The difference of potential between the two uncharged 
insulated cylinders m a field F along the x-aius is given by 

,r rC . 

” kiK/ cn Si dn t, 

It therefore follows that the difference of potential between 
any two cyhnders that are denved from two equal stnps in the 
sAme plane is 



Since f — 2d, where d is the distance apart between the ad- 
jacent edges of the two stnpe, the difference of potential 
between the two cylinders in a fidd along the x-axis is the same 
as that between the two stnps placed in the same field. 

The difference of potential between any two cylinders 
denved from equal stnps in parallel planes is 

V.'^.Fd, 

where d is now the distance between the two stripe. So it 
follows that the difference of potential between the oylinders is 
the same os that between the stnps m the same field. Thus 
all the pairs of cylinders shown in Figs. S-10 will have the 
same difference of potential when placed in a uniform electric 
field along the x-axis provided the scale constant / is the same 
for all. 

If the two cylinden are at the same potential in the field 
along the x-axis, equal and opposite charges, ± Q, will be 
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induced upon them. The complex potential is given by 
changing to the modulua hi m equation (21) and Q is given by 

a. 

iKiki en S| dn Sy 

The constant C is found to have the same values for the two 
types of cylinders as when the cylinders were insulated and 
uncharged Thus we find for all pairs of cylinders derived 
from two equal strips m the same plane, 

^ 2*A’(a + 6)’ 

using (62). For all pairs of cylinders denved from equal 
stnpe in parallel planes, we have 

2K(a + d) 

The ratio QfV in both cases gives the capacity S determined 
by (63). 

10 In a uniform field along the y-axis the complex poten- 
tial 18 

X - »Cl. - iCj r(mod.Jfe,) 

1 — /b m S| sn Xi ' 

The constant C, determined so that at infinity 

V ~ Fy + const., 

has the same values as in the preceding article. We can 
therefore determine at once the charges induoed on the upper 
and lower halves of the two cyiindeis. For pain of cylinders 
derived from two equal strips in the same plane, the charge 
mduoed on the upper half of the cylinder u - oX is 

^ _ FfKi{l — ki)cn (i dn t, 

^ “ iwkK'il - «n «,)(! - fc, *n M ' 

For the charge Qt induced on the upper half of the cylinder 
u - - dX we merely need to change the sign of sn <i. 
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For pairs of cylinders derived from equal strips in parallel 
planes we find for the charge induced on the upper half of the 
cyhnder u = aK, 

F/K,’(l - i,)cn Si dn 
” 4irK'\i - an a,)(l - ki an »,) 

and by changing the sign of ji we get the charge induced on the 
upper half of the cyhnder u — — (iK 

The expressions for the surface density of the induced 
charges when these cylinders are placed in a uniform electric 
field may easily be found by the same methods that have 
previously lieen used and the details of the calculation will 
not be given 

20 The referee to whom this paper was sent asked that a 
final section be added to give practical details for carrying out 
(he computations in order to get numerical results. As the 
problem of the two half-cylinders, illustrated m section in 
Fig. y, IS one that may have some applications, and as one 
can show the methods better by applying them to a definite 
case, this problem will be taken to show how numerical results 
may be obtained. 

It IS only for very small modular angles that our trans- 
formations give even approximate semi-circular cylinders. 
For these small modular an^ee we can take, with sufficient 
approximation, 

K =. W2. 

Log fC' « Log Log^ -I- Log^ (72) 

Loganthms to the base 10 are denoted by Log. k is the sine 
of the modular angle, and 

Log— - 0.36221.57 

Tables of elliptic functions are not available for the small 
modular angles we shall use. The smallest modular angle in 
Legendre's Tables u 9 — 0°.l. For this angle, 

L - sm 9 - 1.74533 ■ lO"'. 
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Our approximatioikB pve 

Log X - 0.1661109, 

Log - 0.8885780. 

Legendre's Tables, which are to at least twelve places of 
decimals, give 

Log K - 0.1961202 • • , 

Log K' = 0 8886780 

If we take values of the modulus, k • 10~* and less, our ap- 
proximations are sufficient if we work with seven-place log- 
anthms. We shall also require the quantity, 

q _ . e-«x-. (73) 

To a sufficient approximation this is 

«-•! (74) 


If the two equal cylinders be obtained by dividing a 
circular cylinder of radius / by a plane through its axis, and 
then separating the two halves a short distance, 2rii, this dis- 
tance is given by 


irt r 

r ’2r 


( 7 . 5 ) 


For the largest modulus we can use, that is, k - 10~', this 
gives 

Y “ 0.18039. 

For smaller distances than this we get better approximations 
to semi-circular cylinders. So if the ratio 2xjf be given, K' 
18 known by (75); (7.1) then gives q, and (74) gets the value 
of k. 

In order to plot the sections of these cylinders so as to show 
how much the edges are rounded off, we use the equations. 


X - Xt 


2V 



238 


B P ADAMS 


where V Is dehned by 

V~q^. (77) 

V is the parameter that defines the poeition of a point on the 
cylinder and varies from 0 at the point nearest the oiig^ to 
K' at the most distant point Equations (76) are vahd only 
when V is large enough so that we can put 

sinh 2ii — coeh 2» — i***. (78) 

For small values of v we have 

^ - 4^ cosh 2i» — • , 

v V 

“ — ^ — 45 ’ amh 4i> + 

But since the largest value of g, that for k — 10~*, is 6 10~*, 
the error made in usmg (76) for all values of r is insigiufirant. 
The maximum value of y corresponds to a value Pt of v given 
by 

Fo - qe”. - (2Ky - (2K' - 1)*, (79) 

In order to compute the components of the electric in- 
tensity at any point in the plane we need the relatione between 
the rectangular coordinates, x, y, and the curvilinear coordi- 
nates, u, p. These relations are given by 

r u , 2V sin 2u 
/ ” F' + 1 - 2V COB 2 m -I- P ’ 
y V 2V(r - cos 2 m) 

/”JC' 1 - 2Vc08 2m- P’ 

where V is given by (77). For all points in the first quadrant 
outside the cylinder u lies between 0 and t/ 4 and v lies between 
0 and K'. For values of v that are too small for (78) to be 
vahd we should take 

X u 

y - -I- 45 sin 2m coeh 2v, 

y V 

y - ^ -|- 4^ cos 2h sinh 2v. 
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But hero again the error made by using (80) for all values of v 
1b ineignificant because g, and therefore V for amall values of v, 
1b ne^igible. The origin of coordinates is given by u » r - 0, 
and the infinite point by u - 0, s — X' or T - 1. Along the 
z-axis from the origin to where it meets the cyhnder, v •« 0, 
and u increases from 0 to r/4. Along the z-axis from where it 
cute out of the cylinder, » > K', F — 1, and u diminishes from 
v/4 to 0 at infinity Along the y-axis, u - 0 and v mcreases 
from 0 at the origui to K' at infinity. 

If the two cylinders are freely charged, with equal and 
oppooite charges, Q being the charge on unit length of the 
cylmder on the right, the compononts of the electnc intensity 
at any point are given by 


V _?0_ 

“ X'A“* + ft” 

2Q B 

where 


(81) 


6u’ dir du 


and A and B are given by 

A 1 . 4r((l + F*) cos 2u - 2Vn 
/“X''*" (1 - 2Fcoo2« + F>)' ' 

B 4F(1 - F») sin 2u 
7 “ (1 - 2F cos 2« + F*)* 


For values of v that are too small for the relations (78) to be 
valid we should use 


A 1 

y - + 85 COB 2u cosh 2 p, 

g 

j- — 89 sin 2u Binh 2v. 


(83) 


The surface density at any point on the cylinder with a charge 
+ Q is given by 


V 



(84) 
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where h may be romputed from 

ph ^ " x" '(1 + y'y 

For small values of v we should use 


( 85 ) 


( 88 ) 


The capacity of the condenser formed of unit lengths of the 
two cylmdcrs is simply 



When the two cylinders are at tho same potential their 
charges are equal. The components of the electnc intensity 
at any point in the plane are now given by 


legV .4(1 + F») Bin 2u - B(I - V) cos 2u 
f ■ '"'('l + K»)> cos' 2« ' 

,, lOQF A (1 - F*) cos 2« + B(1 + K*) sin 2« 

* “ A’ + (1 + V*)« - 4y' cm''2« 


where the values of A and B given by (82) are to be used. For 
Hmall 1 alues of o we may compute the components of the elec* 
trie intensity from the equations, 

— .Y — ~ ® ‘■o* Zusiiji 2 p1, 

320o 

y = |A cos 2u Binh 2 p + A sin 2u cosh 2 p1 . 


In (88) the values of A and B given by (83) are to be used. 
The surface density of the distribution on each cylinder is 
given by 


4QV 

" " v(i + y*)^' 


(89) 


with the value of h given by (85). For small values of e the 
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Burface density is given by 

9 - ^^oosh 2t‘h, 

T 

vith h determined by (86). 

If the two equal, nearly aeini-circular oytindera are placed 
in a uniform electric field along the s-ass the surface density 
of the chaige induced on them when they are insulated from 
each other may be computed from 

<«) 

where f is the Intensity of the uniform field and li is given by 
(86). The point of equilibrium where a changes in sign is 
thus given for a value d v determined by (79) and it therefore 
coincides with the maximum value of y on the cylinder. It 
may be shown that this result does not depend upon the ap- 
proximations we have used, but is a perfectly general one. 
The hydrodynamioal interpretation is that if two equal cyl- 
inders of the type we are considering be placed m a stream of 
fluid flowing at infinity along the y-axlB, the stream will 
divide on each cylinder at the point where y is a maximum. 
For values oi vtoo small for (78) to hold the surface density 
may be computed from 

V - - 2 ^, U - IfiKV coeh Av]h, (91) 

with A given'by (86) 

If the two cylinders are at the same potential in a field 
along the x-axis the surface density may be computed from 

with A determined by (85). For small values of e we should 
use 

a - cosh 4ti'A, 
with A given by (86). ' 


( 93 ) 
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In a field along the y-txa the nurface density of the charge 
induced on each cylinder may be computed from 

2FfYa - V*), 

"“t (1 + V*)*"’ 


with h given by (85). For small values of v we should use 


C 



sinh 2i>- h, 


with h given by (86) 

The expressions for the components of the electric Intensity 
at any point m the plane when the oybudcre are placed in a 
umform field are a httle more complicated. When the two 
cylinders are insulated from each other and in a field along the 
x-axie, the components of the electric intensity may be com- 
puted from 


+ aflF»(l - F*) sm4ttj, 
- B -I- SF^CCl -t- F‘) cos 4t. - 2F*][ J 

where 

C - 1 + F* - 2F» cos 4u, 


and the values of A and B given by (82) are to be used. For 
small values of t> we should use the equations 


X 

Y 


+ W cos 4u cosh 4»j 

+ sin 4u sinh 4vji 

2Ff r 

^ 16Aj* sin 4u amh 4s 

- B -I- 109* COB 4u cosh 4s | j, 
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with A and B given by (83). When the two cyhnden are at 
the same potential in a field idong the z-ajcis the components 
of the electnc intensity may be computed from 

X - + <=« 4u - 2V] 

+ fl(l - V‘) am 4u], 

-fiKl + V‘)cos4ii -2V]2. 

For small values of i> we use the equations 

X • 32Ffq* A cosh 4v cos iu + B sinh 4v un 4ul 
Y — A'‘+B‘\A Binh 4b sm 4 m — 5 cosh 4 b cos 4u/' 

with A and B given by (83). At infinity, whore u = 0, 
B » K', both solutions ipve Jf =» F, F ■= 0 

)Vhen the two equal cylinders ara placed in a uniform field 
along the v-oxis the comjioneuts of the electric intensity at 
any point iii the piano may be computed from 

.. SFJV 
“ ^ ” (7«(A> + B’) 

[A(l - F«)|(l + r»)* + 4F* cos' 2tt| Bin 2u 

- «(1 + 7') ((I - P)' - 47»Bm' 2u) cos 2«1 
JtFfV 

^ C'*(A= + B’) 

[A(l + r')((l — 7’)’ — 47* am' 2u| cos 2u 

+ B(1 - 7') 1(1 + 7*)* + 4V'' cos' 2ul sm 2u]. 

At infinity, these give X » 0, 7 •= F For small values of b 
we may compute the components of the electric intensity from 
the equations 

— X “ 16F/g M cos 2u cosh 2b + 1? sin 2m sinh 2b1 
Y — i4'+^lA sin 2u sinh 2b — B cos 2m cosh 2bJ ’ 

with A and B given by (83). 




ELECTROSTATIC PROBLEMS COHIIBCTBD WITH THICK 
CTLUTDRICAL SHELLS 

B. P. ADAMB 

Ifcnry Pmfaiior of Phyile*, Prtnocton Ifnivenjly 
(AmkI AprU a, (A17) 

AavrsAor 

The pnhleni of ilelaiinliitn( the dlittrjbution of elertiMty on tn Inflniloly 
loBC oyHodrlml iheU, the nawi-«ctKin of which l« nn nre of n circle, wu nilvod by 
BloUey In 1(138. In the pceemt pepcr the anIuUoo le rIvhi tor a ehell of finite 
thloknna, that li, an Infinitely long cyUnder Ike ctnee-ccotlon of which U bounded 
hy two oonemtiio oimlai aroi and two ndll The dietrlbutlon of eleetririty on 
Ik dwfl b dstermload when it le fnwiy cbamcd, and the dhtnbotion of the In- 
duoed ehaife b found when the ehell le plared In a uniform electric field. 

The eolutlon of the prohlem fur a elnalc thick ehell le then modified no ae to 
apply to two a<(ual, eymmetrioaily idnoed thick eheUe Thle b one of the very 
few praUeme fur which an emet eolutlon has beon obtained by meane of which the 
effect of finite thlckneee of the platai of a cylindrical condeneer ran be evaluated 
A taUe b given to ebow the amount of thle effect In a number of rundenuera of 
dlflerant dlmeoalona 

1. The problem of the dietnbution of eleetririty on an 
infinitely thu cylindneal ebell, the crosg^rtion of which la 
an arc of a circle, was solved by Bickley.' The problem of a 
thick cylindneal shell, that is, an infinitely long cylinder, the 
crow-section of which is bounded by two roncentnc circular 
arcs and two radii, is solved in this paper. The solution ob- 
tained for this problem is then modified so es to apply to the 
problem of two equal symmetncally placed cjdindrical shells 
of finite thickness. 

Fig. 1 shows the cross-section of the shell in the i-plane. 
On account of symmetry it is necessary to consider only the 
upper half of the plane. The radu of the two arcs are a and b 
with b > a, and is the angle they subtend at the center 0. 
Taking 

V . log; - log;+ tfi, 

V U 

■ PkUottfUeal Magattm, J9, p, fififi, IS18. 

nooMDOms or ns nitmiauw rBiuMoraicAi, sooutt, 

ML. TB, KOi I, DsnbsB, isir 


3U 
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Fia 1 


the t 0 -plane is shown in Fig. 2. The w-plene is transformed to 
the upper half of the f-plane by means of the Schwan- 
Christoffel method. With 


0<r<p<«<»n< «, 

the differential equation for the transformation is 

dw _ A / t — p t — » \* 
dt " f \f — r • f — m) 


( 1 ) 


There is a jump in v of tr when t passee from + « to — « , 
and so A » 1. There is a jump in u of ~ ir when t passes 
through 0, and therefore 

jm — mr. ( 2 ) 


Equation (1) is integrated by means of the substitution, 


wt(n — r) — n(m — r) sn* X 
(a - ri — (m — r) in* X ' 


( 3 ) 



No ✓ 
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with 


m - rn - p 
fi — rm — p’ 

It follow! that oorreeponding 


n - rm - p ' 


( 4 ) 


values of ( and X are given by 


( - r p 

X - K K + iK' 
If we put 

ro'i-- — sn’v 

fn ^ T 


n m 

v/C' 0 

m n — I* 



Pki.3. 


we see that S and y are real, with v > I. The origiD in the 
s-plane correaponda to f « 0, and for this value X > The 
point at infinity in the i-plane corresponds to ( - », and for 
this value X The relation (2) now gives 

tnyeny mSeni 
dny “ dnt ’ 

and since y must be greater than S it follows that 
y~K-i, 

with i less than K/H, The fdlowing relationa, derived from 
the substitution (3) when 1 + 7 ~ X, will be found useful in 
making the required tranafonnatlons in the sequel. 

^ ea* < — dn* i w* X 
n " dn* t (sa* 4 — sn* X) ' 

E y* r y*sw»4 
» " !a* #da* 3' a " j’ a^ca’lda’i . 


( 6 ) 
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Equation (1) may now be wntten 

^ 4 an* i cn* i cn 2i 

dX ** «n 21 

^ ffl) 

(*n*» - «n*X)(cn*e - <ln*«*n*X)’ ^ ' 

and its integral is 

w m 211, (X, «) - 211, (X, K - i) + B, 
where A is a eonstant, and 

II.(X. a) - an « ca a dn *Xi n»B-an»X 
In terms of the Jacobian functions, we have 


n,(x, a) - - - vz(a) 


The conditions to be satisfied are given by the scheme 

.( - 

m n 

V 

f 

X - 

0 iK' 

K + \K' 

K 

U> ” 

log g log ^ + ta 

log - + Ur 

log' 


For these four values of X the elliptic integral of the third 
kind, tIi(X, a), has the values 

n,(0, 8 ) - 0, 

a) KZ(l) + xl, 

n,(K + xK'. B) - - (X + xK')Z(t) - 2^ + »2. 

ll.fiJC', 8) - - iK'Z{h) - + 1 2 • 

We therefore find that the constant ii has the value log hje, and 
the dimensions of the shell are given by the equations 

iogJ-2/C(Z(a)-Z(JE:-a)i, (7) 
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With the proper choiee of the modular an^c and with valuee 
of i lying between 0 and KI2, it ia possible to give the ratio 
&/a any value between unity and infinity, and the angle a any 
value between sero and r. For large values of bja the modular 
an^e must be large, and for large values of a, i must be small. 
The Smithsonian Tables of Elliptic Functions may be used to 
evaluate (7), and then a is given by (8). Or we can use the 
Fourier aeries for the Zeto function so that (7) may be calcu- 
lated from 


where 




2 ! 1 - 
1 - ((<■ 


2nr t 


9 = 6 * . 


(9) 


The quadratic substitution (3) that has been used is 
suitable for moderately thick shells. For very thick shells 
the modular angle is large and the series in (9) does not con- 
verge rapidly. We can make use of a different quadratic 
substitution that will give thick shells for small modular 
angles, or we may transform the elliptic functions to the 
complementary modulus For large modular angles the 
ratio b/a may be determined from the equation 

^(1 -bVod 

fi - »IK 

wK 

q' - 


log-.jp- 1 - 


where 

and 


Since 0 ia lees than ) the infinite epries in this expression will 
not contribute appreciably to the result if the modular angle 
is greater than 89*. These problems may be solved in a little 
sun[der way by using a linear instead of a quadratic subetitu- 
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tion. For example, the linear aubstitutlon 

_ <nX + «n > 

“ «n X — *n 4’ 


with 4 lying between xero and K, will be found to solve the 
problems. The advantage at the quadraUo Bubatitutiona ia 
that they lead directly to more rapi^y converging aeriee. 

We can now write the integral of (1), that aatiafiea the 
given conditions, in terms of the Jacobian Theta functions, 


or 



log 


/f.(4 + X) 
ff,(S - X) 


+ log 


H(6 + X) 
H(6 - X) 



z /f,(4 + X)//(4 + X)/b\-* 
b‘"H,(4 - -X)\a) 


( 11 ) 


At infinity, z * X * 4. Put X •• 4 - e. Then aa « 
approaches zero we have 


H.W - 



It therefore follows from (11) that 


Limit s« 


r6tfi(24)g(24) 

2JC**'‘ U/ 


( 12 ) 


At the origin, e - 0, and X ■■ iC — 4. Put X 
We now get from (11) 


Limit* 
■ -«0 * 


2oK*!ife'* /b\i 
xffi(2S)tt(,2t) \a) 


X - 4 + «. 


(13) 


Along the convex surfvw, DC, in Fig, I, X — iv, where v 
varies from 0 at D to X' at C. 'l^th 


z he'* 
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we fiud from (10) that v and 9 are oonneoted by the relation 


1 + M>)^r(i + 1®) p, 6 - 


Along the concave surface, AB,r a, and X » JC + tp, where 
p varies from 0 at A to iC' at B. The relation between p and 
9 on this surface also is given by (14). It follows that any 
radius of angle 8 meets the concave and convex surfaces at 
the some value of p. Along the end, BC, 


and 


X - tX' + u, 
t “ re**, 


and therefore along the end the relation between r and u is 
given by 

fti(a + tt)H(t + u)/b\'» .... 

6“e,(«-u)0(«-u)Vo/ ’ 

where u varies from 0 at C to X at B, and r from b to a. 

For numerical computation we may make use of the 
developments of the Theta functions in series. By the trans- 
formation theory of the Theta functions we have 


ff(«)f/.(ii) - (^yB(2u,f), (16) 

in which the Eta function on the right is to be formed with 
replacing the q that is used in the Eta functions on the left, 
but keeping K the same. Bimiisrly, 


8(11) 8.(tt) - (“ )' «(2ii, 9*). (17) 

Wo therefore get from (14) 

» - 2tan->Z, -^log^, (18) 

where L is given as the quotient of two rapidly converge 
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Kries, 

E (- (2b + l)-^8lnh (2 b 4-1)^ 

f ( - 1 )*, •■("+•> Bin (2 b + 1) ^ rosh (2b + 1) ^ 
From (13) wo find, by using (17), 



where M is given by 

1 + z: (- i)*9*’’co8 V (« + «) 

-- 2 (21) 

1 + £(- i)V’*«» ^(« - tt) 

In order to use equations (12) and (13) we have the cxpaoBiou, 
obtained by the aid of (10), 

H{2i)H,(26) 

29* E (- n-a***"*" Bin (2n + 1) ^ • (22) 

For the infinitely thin ahell, a •> b, and the points B and C 
in Figs. 1 and 2 coincide. Therefore n - p, and from (4), 

* - 0, ft' - 1 

It follows that for the infinitely thin shell. 


K~l, K'~<c, 9 - 0 . 

From (8) wc get 



and from (18) and (19), 

€ a 

tan 2 tan ^tanh 2ii, 


(23) 


( 24 ) 
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vlth V varying from 0 ut A to » at B ~ C. For the infinitely 
thin ihell (22) roducei to 


H(2i)H,(2i) 1 

r “ “■ 


(26) 


2. Let now the thick cylindrical shell have a charge Q on 
unit length. Taking 

X “ <^ + 

with 0 as (he real potential, the x-plnne is shown in Fig. 3, 
and to transform it to the t-plane we have 



Fta 3 


dx^ r 

dl “ {I — r ■ t — m)* 


(2fl) 


As there is a jump in x of — 2ir»Q when I posses from + * to 
- the constant C - — 2(2. A solution of (26) that 
satisfies the conditions, 

X ” Ofor / » r, 

X “ 2ri0 for t — m, 

may be wntton 

(J7) 

Using the substitution (3) this may be put In the form, 

cn t sn X 
(sn* X — sn* J)*’ 


X - it'Q COS"' 


(28) 
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The values of ^ at the four points, D, C, B and A, are given by 
t ■= m tt p r 

— 2irQ 4Qoae~*en{ 40oosr*^^ 0 


If Qi be the charge on unit length of the convex surface, Qi on 
the concave surface, and Qt on both ends of the ahell, these 
charges are given by 


Q, 

Q, 



cos * cn 4 


)• 




cn 6 
dnf 

cn‘ 6 + K' an* 6 
dn d 


(2fi) 


'I'he electric intenuty at any point of the t-plane may be 
obtained from (1) and (20). These give 


dz 


-X + tY 


2Q t 

t {t — p I ~ n)> 


(30) 


Hy the use of tho aubstitution (.3) this becomes 

dx 2Q dn ten* t — dn* 4 an* X 
~ s dnXen* S — dn’ g an’ t' 


(31) 


At s » » , where X » 4, this approaches the correct value, 
d* “ s' 


If O’! be the surface density on the convex surface where X - tv, 
on the concave surface, where X - Hl + tV, and vi the 
surface density on the end where X — u -|- iK', we find 


Vl 


ft 


V| 


Q an 2g 1 - w* 4 <fa'* v 

irben 24 <n 4 cn 4 cn* v dn^ r ' 

Q aw 24 dn* 4 — m* 4 dn** c 

4iracn 24 m 4 cn 4 i* en* v dn' v ' 
Q an 24 d n* 4 — fc* cn* 4 »n* u 

4sTcn24«n4 cn4 /t'snucnu 


(32) 
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The aeoenU on the elliptic functione indioate that they are to 
be formed with the con^lementary modulus, k'. 

From the results just obtained those for the infinitely thin 
shell may be derived by going to the degenerate case, A; - 0. 
We must replace tn, cn by sin, cos; dn by 1; an' by tanh, and 
cn' and dn' by sech. v is given in terms of $ by (24) and t is 
defined by (23). The surface density on the infinitely thin 
shell of radius b is then given by 



where the upper sign refers to the convex and the lower sign to 
the concave surface. The given charge, Q, divides between 
these two surfaces in the ratio, obtained from (24), 

Qi V + « 

(It T — a 

These results agree with those found by Bickley for the 
infinitely thin shell 

3. When the thick shell is placed in a uniform electric 
field along the z-axis the x-plane is shown in Fig. 4. The 


S 



Ra 4. 

point of equilibrium upem the shall U given by 1 > s. To 
transform the x* to the (•ifiane we have the differential 
equation, 


dx C(t - a) 

W (( — r • t — m)t 


( 33 ) 
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A solution of this equation that satisfies the conditions, 
X “ 0 for < - r and for I » m, 

18 given by 


together with 


X ~ C{t~ m I - r)‘ 


m +_f 
'2 


( 34 ) 

(36) 


Using the substitution (3) we may write (34) 
fn‘2t sn X cn X 


X - 2»C 


dn < jm 24 «n' t — »n} X 


(30) 


The constant C must be determined so that the potential 
at infimty shall be ip •• — Fx + const., for a field F in the 
direction of the positive z-uxis. If we pul X — t — t ui (36), 
and let < approach sero, we Sod, with the aid of (12), 

s5W,(2*)«(24)dn*»sn2»/6\-i 
mt'* 


The values of ^ at the four points D, C, B and A are now given 
by 


I ~ 

* - 


IN 

0 


2f»C3 


n 

cn 2a 


dn a «n 2a 


2nC 


P 

W cn 2a 
dn* a sn 2a 


r 

0 


The charges induced on umt lengths of the convex and con- 
cave surfaces and the two ends may therefore be written 


2sQ. 

2irQ, 

IxQ, 


-2nCV-f^> 

dn a sn 2a 
„ n en2S 

dn* a sn 2a’ • 
^^^ cn2a(dn*a-t’) . 
an” d9n2S 


(38) 


For the position of the point of equilibrium we find from 
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(5) and (35) 


<n*X 


m*i 

m* S — cn* I 


Od the convex surface, X ■> tv, and so if the point of eqm- 
bbnum is on this surface we must have 


This equation can bo satisfied for a value of v between 0 and 
/f' if sn i < cn 1. On the end, \ « iK' + u, so that if the 
point of equilibnum lies upon the end we must have 

en i 

This equation can bo satisfied for a value of u between 0 and 
K it cn i < sn 1. In the limiting case, an J m j, or 
m* j » ), and the edge C is the point of equilibrium For 
every modular angle there is one value of t less than KI2 
that satisfies the condition mi ^ cn 3, with this value of 9 
and the given modular angle, equations (7) and (8) determine 
the dimensions of the shell for which the edge C is the point 
of equilibrium in a field along the r-axis. The hydrudynam' 
ical interpretation of this is that if the shell is placed m an 
infinite fluid flowing at mfinity along the y-axis, the stream 
will divide at the edge C. llie point of equihbrium can never 
he upon the concave surface. For an infinitely thin shell the 
point of equilibnum lies upon the convex surface at an angle 0 
determined by 

.9 .Of 

taUg “ siDg • 

The electrio intensity at any point in the z-plane is deter- 
mined by 

dx ^ nC («w* 9 cn* X -b cn* 9 srt* X)(cn* 9 — dn* 9 sn* X) 

ds “ 2s sn* 1 cn* 3 dn 9 dn X (sn* 9 — sn’ X) ^ ^ 

By giving X its appropriate values on the three surfaces, the 
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where the upper sign refers to the convex and the lower to the 
concave eurface. The surface density of the bduced charge 
u given by 


F 

4r 


(coa|± a) 


““2 


0 We shall next consider the problem of two equal thick 
cylindrical shells when they are placed symmetrically as 
shown in Fig 5 The y-axia is now an axis of symmetry, as 



Pro 5 


well os the z-axis, and so we need consider only the region of 
the z-plaiie enclosed within the dotted lines. If the dotted 
hnes consist entirely of equipotentials and lines of force we can 
solve the electrostatic problems connected with the two shells 
This will be the case when the two shells have equal and 
opposite chargee and also when they have equal chargee at 
the same potential 

The transformation of the to- to the (-plane la given by 
equation (II), but as the jump in w at 0 and « u now ± tV/2 
instead of ± ir, the constant A in that equation has the value 
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} instead of 1. The relation (2) still holds, 
and (8) we now have 

Instead of (7) 

logj- A'(2(4) -^(/f - 4)1 


(43) 

and 

»/, 24\ A', h 

‘'~2V -Ah7C*“«o 


(44) 

Accordingly, in order to calculate log b/a from the scries (9) 
the right-hand side must be divided by 2. Instead of (11) 
we now have 

/*y A,(4-|-X)//(4-t-\)/6'\ 

\bj “ 'Hid -\)\a) 

RA 

K 

1 

(45) 

Putting X " 4 — ae find 



2AJtifc'* 

U 

~JC 

1 1 

(46) 

and putting X - A - 6 wc find 



. s‘ 2a«Aifcjt'‘ {b\~ 

“ irA,(24)A(24) \d/ 

94 

s 

(47) 


These must now be used in place of (12) and (13). 

On the convex and concave suifocea the relation between 
B and p, taking the place of (14), is 


„ 1, ff(l + w)ffi(4 + tp) P, 6 

This may be computed from 

9 ■ tan~*L — 


(48) 

(49) 


where L is given by (It)). In place of (15) and (20), on the 
end, we have 


r« e(8 + ii)9.« + u) /i»yy 

ft* 0(4 - w)8i(4 — «) \a/ 

where M is given by (21). 



(50) 



262 


E. P. ADAMS 


The eleotroetatic problema cormeoted with two equal in- 
finitely Ibin ehells were solved in a recent paper in theee 
Proceedinge,^ and the reeulie there obtained may be derived 
from those in this paper by going to the degenerate case, 
k = 0. For the infinitely thin shells (44) gives 

(40) and (10) give 

tan 8 •• tan ci tanh 2v, 

while (22) is now 

7 We shall first suppose that the shell on the right has a 
charge Q per unit length, at potential V, and the shell on the 
left a charge — Q at potential - F. The y-axis is now the 
equipotential ^ > 0, and the x-axis is a line of force. We 
shall take ^ > 0 from 0 to ii, and 2ir<2 from Z) to ». 
The x'plane is shown in Fig 6, and to transform it to the 



Fiq. a 


f-plane we have the differential equation 

C 

■ar " (t . 1 - r • J - m)‘ ■ 


(51) 


In order to integrate this equation we shall use the subetitution 

<-rsn*Xi, (62) 

PraoiSiiv* Anurteii PUbmrUeai Soddf, LXXVI, p. 311 , l»aS. 
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with a moduliu ki determined by 


Ar.* 


r 

m 


(53) 


The euberript 1 hi used to indicate that the elliptic functions 
are to the modulus ibi in order to distinguish them from those 
to the modulus k that are used in defining the shells. A 
solution of (61) satisfying the conditions 



< ~ m r 

0 00 


Xi “ Ki •¥ ifC/ Ki 

0 iKi' 


X - V + 2xiQ V 

0 2nQ 

is 




X - If,/ X,. 


The constant C has the value given by 



c — — 


and 

Kx' 



Since the dilTerenoe of potential between the two sbrlls is 2K 
the capacity of unit length of the condenser formed by them is 

where 

rMi' 

?i ■* s“ *• . 


From (64) and (5) we find for the relation between the modulus 
ki and the complementary modulus, k', 


ki 



( 66 ) 


For two infinitely thin shells this gives 

, 1 — sin a 

“l +siua’ 

which, b the previous pnper, was denoted by k. 
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Tho fnllowiiift table ahotm the effect of finite thirkneas on 
the uapacity of a condenser consisting of two equal shells. 
The first and second columns give the modular angle and the 
value of 6!K used in defining the shells Tho third and fourth 
columns give the ratio b[a and the angle a These are com- 
puted from equations (43) and (44) The fifth column gives 
the capacity of unit length of the condenser formed of the 
thick ehells, and the last column that for infinitely thin shelle 


t 


bAi 

■ 

M 

8* 

mr 

i/m 

1 2300 

84* 34' 3 

08807 

0 3703 

i«i° 

2/00 

1.8004 

70" we 

4803 
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1/00 
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4834 

4883 


1/00 

looie 
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4811 

4787 


8/00 
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79*33'S 

3178 

A128 


On all the surfaces of the shell the value of Xi is 

Xi Ki + iCi, 


where Si » 0 at A and Vi m Ki' at D. Let v,' be the value of 
V, at C, where < - n, and Vi" its value at £ where ( - p. 
Then we get, from (53) and (6), 


dn' Vi 
dn' i>," 


/rV^ k'sn6 
\n/ “ enSdn S’ 
/ £ V _ tnSdnS 

\p/ “ CTli 


It foUows that 


ri' -h Pi" - Ki'. 



TUICK CmNDRICAL SHELLS 


265 


and aiuce Vi" is less than Vi we must have vi" less than Kil2 
We now find for the four points, D, C, B and A , in Fig. 5 

J — m n P *■ 

X, - K, + iK,' K, + te,' A', + t«i" A, 

^ - 2rQ 2 tQ^ 2rQjf^, 0 

If we rail the charges on unit lengths of the convex and con- 
cave surfaces, Qi and Qt, and on the two ends, Qi, we And 



When the two thick shells form a condenser t he charges on the 
convex and concave surfaces are equal, this same property was 
found for the inhnitely thin shells. 

In order to calculate b," wo may use the seriea 

dn'c. 

By wntlng 

dn' Vi" = Cl, 


wo get os a first approximation 

cosh v" - — • 

Cl 

Since C|" is leas than Kt/2 this will be a good approximation if 
the modulus ki is very small. For larger values of the modu- 
lus the method of suceesdve approximations may be used. 

The following table shows the distribution of t^ charges 
on the three surfaces for some of the shells used in the former 
table. 
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klm 

a 


$ 

looie 

87- 84' 4 

0483 

0088 

lOCM 

Br4a'4 

4»4 

073 

10081 

79’ 83' 8 

478 

084 

10840 

terivi 

480 

.140 

10813 

SB* O' 8 

aso 

840 

11377 

78* 1'.4 

807 

.308 

13800 

84*84'A 

817 

888 

I 4006 

71* 5'1 

337 

.848 


The electnc ijitendty at any point of the (-plane ia given by 


dz 


-X + iY 


2C/ t \i 

* - p f — m/ 


This may be wntten, using the substitution (3) and the rela- 
tions given in (fi), 


dx rQ sri23 
dz“ ~ iKi»n* Sen 26 

y (cw* 6 - dn* 6 sn* X)i(»n* 6 - sn* A)» ^ 


On the convex surface, X — to, on the concave surface, \ ^ K 
4- w; and on the end, X - iK’ -i- u. The electric .iiitensity 
vanishes only at s > « , where X >» <• The surface density 
at any point of the shell may bo found from this expressdon for 
the electric intensity. At the points where any radius meets 
the concave and convex surfaces the surface densities are 
inversely proportional to the radu of these surfaces. 

On the end, BC, of the shell, X - iK' -|- u. From (60) we 
find that the point on the end coireepondlng to u •• K/2 is 
that for which r - (oh) *, the geometric mean of the radii of the 
two surfaces. The surface density at this point is given by 

Q sn 2i 1 - (1 - F) sn* 6 

' “ 4fir/(<ib)»(n>adn'6cn2a (1 - fc')* 


This becomes infinite only for As' — 1, that is, for an infinitely 
thin diell. At the edges, B and C, the surface density is 
. infinite. 
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When the two Bhelb are at the eaine potential they have 
equal chargee, Q, of the eame sign. The y-axla is now a line 
of force, as ia the x-axia. The transformation of the x- to the 
l-plane is given by (20), with the same value, C - - 2Q, for 
t^ constant. The solution of this equation is given by (27). 
Equations (20) give the distribution of the charges on the three 
surfaces. 

In place of (31) the electric intensity is now given by 

2Q «n 2 S ea* d — dn* tin’ \ 

ds**~fmtcntcn2t dn\ ^ ' 

At s - <B, where X «• 4, this gives 

4x 49 

d* ” ~ ' 


which is the right value for a charge 2Q within a Rmte distance 
of the origio. The electric intensity vanishes at the origin 
where \ « it — 4. 

For any charges, Qi and Qt, on the two shells the solution 
may be obtained by addition of the two solutions that have 
been given. We merely need to add the solution for the case 
of two equal and opposite charges,, ± (Qi — Qi)/2, to that for 
two equal charges of the same sign, (Qi + Qi)/2. The differ- 
ence of potentifd between the two sbeUa ia now 2V, the same 
as that in the first case. 

8. When the two thick shells are placed in a uniform elec- 
tric field along the x-axis there are two rases to consider. We 
shall first suppose that the two shells are insulated from each 
other and that 2V ia the difference of potential between them. 
We consider only the induced charges. The x-plane is similar 
to that shown in Fig, 4 except that we have only one quadrant 
of the whole plane. To transform the x* fo the t-plane we 
have the equi^n 


dt (l • ( — f ■ 1 — mj< 


(6fl) 


Using the substitution (62) the scdution that satisfies the 
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conditioiiB 


t m 

0 

r 

m 


Xi » 

0 

K, 

Ky + xK,' 


X =" 

0 

- V 

- V 


X •= 

2Cwi'| 

1— ?— X 

- Z(X.) 1 

(00) 


For the point of equiLbnum, ( a, we find 

I 

and the difTerenre of potenUal between the two ahella is given 

by 

2F - - 2Cmi ~ 

The constant C, detormined so that the potential at infinity 
shall be ■ — Fx + roust., is given by 

2Cnt^ 

\cn 28 / 

(.)-!. 

The cloctnr intensity is given by 

dx 2Cn * (c> i* I — dn* > a n * X) > 

dx ” zA’i' an* i (cn* 8 — dn* 8 an’ 8) dn X (an* 8 ^ an’ X)' 

X [(K.' - B,') an’ 8 cn’ 8 

— (Ki an’ 8 dn’ 8 — Ey cn’ 8) an’ X], 

and from this the surface density of the induced charge upon 
the shell may be determined. 

For the point of equilibrium, we can wrjte 

a ^ c n’ 8 

n ” /Cl' an’ 8 dn* 8 

a/n may be equal to, greater than or lees than unity. If it 
, • equal to unity then the edge C, where X - xK', is the point 


3 .? 
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eqiiilibnum. Tf a/n bo lew than unity the point of equilibrium 
liee on the end, BC; and if it be greater than unity it lies on 
the ronvex aurfaoe, CD. Since 

a E,' cn* t dn* < 
p"fCi' ' 

and this ia always greater than unity, the point of equilibrium 
can neyer lie upon the concave surface nor at the edge B. 

In ‘order to find the charges induced on the three surfaces 
from V'l the imaginary part of x> ui (60), we have, on the shell, 

Xi “ Jfi + i»i, 

and 0i vanes from 0 at A to Ki at D. Its values at B and C 
have been found in Art 7. In order to evaluate Z(\t) on the 
shell with the aid of the tables, we write 

ZiK, + II.,) - xZ(Ki' - v„ it,') - ■ 

Or wo may luie the series 

HR, + i.) - (- 

to compute the value of Z(Ki). 

Wo next assume that the two shells are at the same poten- 
tial in the field along the t-axis The equation for transform- 
ing the X- to the t-planu is again (59), but the conditions to be 
satisfied are now 

f “ m 

X, - X, -1- iK,' 

X “ 0 

The srdution is given by 

X w - 2wiQ - 4Jt,QZ(Xi). 

Q IS the charge induced on unit length of the nght-hand shell 
and an equal and opposite charge is induced on the other shell. 
Q la given by the equation 

Q- 


r 0 

Ky 0 

— 2nQ — 2nQ 


Cm* 

~Wx' 
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The oonstftnt C is given by (61). The point of equilibrium, 
( ■ 8, is given by 


This may be wntten 

r" V* 

Sinre s/r is always less than umty, the point of equilibrium 
lies on the x-axia between the on^ and the point A. There 
Is another point of equilibrium at an equal dutanre from the 
origin on the negative z-axis. 

The eleclno intensity when the two shells are at the same 
potential is given by 

dx 2Cn « (en«t-d»»lOT»\)t 

dt " tKy «n‘ J (cm* i - an*t dn* B) dn \ (*n’ B — m* X)* 

X [JSim*Bcn*B - IXiWi'Jdn** 

- (JCi - Fi)en*BI *n*X]. 

From this the surface density of the induced charges may be 
determined. 

The complex potential for a field along the y-axis is given by 

„ 2iCa» (cn* 8 - dn* * sn* X)* 

X - - j (sn* 8 - sn' X)‘ 

In order that the potential at infinity shall be w * 

+ const, the constant C must have the value given by (61). 
The electric intensity is now given by 

^ (cn* 8 — (fa* 8 sn*X)isn Xen X 

df~ssn8cn8 (sn* 8 — sn'X)* dnX 

The points A and 17 are the only points of equilibrium 
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Henry Profexor el PhyHO*, Pnneeton Univemity 
(find by tUlr, Apnl M, IB37) 

AacnufT 

Whm pUm cleetno wnven of vniy high fraqiMocy nrn guided by nny lyitein 
of rylindnrd ooaduelon, the nm U the ryllndm beug nonntl to the piM o( 
the wnvo, on opprailinote vnlue for the muetonee of unit length of one of the 
oyhiK^ H given by the euprenon, 


H - (2»|.tpll— y 

[/»*] 

r a the mirfon derully of the dtoffe on the ponduetor jn the romnponihng 
problem of the dutrlbutlon gf eleotrleity on the rylindert, the integmu bring 
token around the oontonr of the eylinder m the plooe of the mm r u the 
•peci6r iwtitaiicn of the oonduetor, a f(< magnetir penneihUity, and p la equal to 
Sir Umea the numhar of vibiBtiona per eerond 

The only problami for which a lolutlon baa bean obtained (or any frequency 
are tboae of two eoaidal droular cylinden and two parallel cuoular oyiuidm ei- 
temal to eaoh other It la ahown that the Umlluig vahiae for high frequenoiea 
deduced from thaae eolntlana are the aame na thoea given by the eapnaaon quoted 
above Tlua la then applied to aoma problema for which the genanl aohitran haa 
not ben obtained, but for which the ooneapoiiding dectrcatalaa ptoblona have 
been aolved Then problema an then of two ntcolar cyhodan, one inaide thr 
other, but planed ereeutneaUy, two aemi-dnular oyhader* aeparatad a ahmi 
djctanoe, and two thick euvular cyhadneel abella 

The aalf-uidnetaiiee end capaoty of unit length of orruila lormod of two of 
Ihne cylmdere an alao given 

1. If plane electnc waves are guided by any rylindera of 
perfect conductivity, the axes of the cylinders being perpen- 
dicular to the plane of the wavee, the electric force terminates 
normally upon the cylindrical surfaces; there is no component 
of rieetrio force in the ajdal direction. Under these conditions 
we can speak of a charge on the surface of the cylinders and a 
surface current upon them. If e be the velocity of propag^ 

noomniaf or rai aMsiras naomarmciL ao cis ri, 

vou 7a, no. 1, sMum, lUT 171 
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tion, and cr the aurfoce dennity of the rhorge, the aurfore cur- 
rent denaity la given by va. The component of magnetic 
force m the plane of the wavea tangential to the cylindcra ia 
diacontlnuoua at their aurfacca, juat outaide the aurface the 
tangential component of the magnetic force la given by 

H “ 4tiw 

According to Poynting’a theorem there w no flow of energy 
into the conductora and ao there is no dissipation. 

ff the conductivity of the conductora la not perfect, but the 
penodic lime very amall, there ia an effective thiekneaa, h, 
jual within the surface of the conductora, in which the whole 
current may bo supposed to flow This thickneaa is given by ' 



where r is the specific resistance, n the permeability and 2rlp 
the punodie time Inside thia layer there is therefore an axial 
clectnc force, and ns the latter muat be continuous at the 
aurface, just outside the cylinder it is given by 

By Poynting’a theorem there is now a flow of energy por.iimt 
of time and unit of length into the conductor giveirt^ 

da ia an element of length of the contour of the ryhnder and 
the integration is token roropietoly around it in the plane of 
the wave But we have also, 

W - 

where R ia the resistance of unit length of the conductor and 
C the current. Since 

C — J" vti df — nQ, 

' Jmiu, BUdrialg md Magiwti r w, Art. JiS7 
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Q b(>ing the ehargo per unit length, we get 

ii - (Sr^rp)*-^ (2) 

If, therefore, the elertroetatie problem of determining the 
mirfaoe density of the charge on a cylinder has been solved, 
equation (2) may be used to determine its resistance to cur- 
rents of high frequency. 

liquation (2) has been used by Pockcroft ' to calculate 
the high-frequency resistance of a single conductor of rectan- 
gular I'ross-eection The same method was used by Butter- 
worth ' to get the high-frequency resistance of two parallel 
circular cyhaders with the currents m the same direction 
And Htrutt * used this method to find the high-frequency re- 
sistance of a single cylinder with an elliptical cross-section. 

If the electric waves are guided by two cylinders, one of 
which forma the return for the other, the capacity, S, and the 
self-inductance, L|, both per unit length of the circuit, are, in 
the case of perfect conductivity, related by 

LiS — C)t, (3) 

c being the dielectric constant and ji the permeabibty of the 
medium The solution of the eleclroetatic problem gives S, 
and Ihorrfore Li may be found. But if the conductivity bo 
not perfect, there will be a small addition to the magnetic 
energy contributed by the field inside the conductor. Inside 
the conductor the magnetic force may be taken to be 

ff - ff 

where t is measured normally inwards from the boundary, and 
Wj =■ 4rtv, 

the magnetic force at the surface. The magnetic energy in- 

' Pncttdmti tf At Jbf/al Saarifi, 123, p SSS, 1038. 

■ Pmrmbmf Ite Bayal SaetAy, lOT, p 706, I93A. 

' Amsim dv Pk^tdt, 8S, p 781, 1038. 
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side unit length of the cylinder of permeability ki i* therafore 

In the return conductor there is a similar amount of energy 
with R% replacing fZi. The magnetic energy in the conductors 
contributes a term to the whole magnetio energy, 

and therefore, 

(4) 

The self-inductance of unit length of the circuit is now 

L^L, + U, (5) 

where Li is given by (3) and Lt by (4). 

Two Pahaluel CiRcuiAB Ctundebs, Extbbnal to Each 
OtHBR, CaSBYINO EatTAL AMD OPPOBITII OUBBINTB 

2. Let n, b be the radii of the two cylinders and 2d the 
distance between their axes so that 2d > a -P b. The 
transformation, 

* -■ Vf «>t Jtc, (6) 

where w - u -1- r», with » — a and p — — ft yields two cireles 
of radii 

o=/co8echot, 

b — / cosech /3, ^ ' 

Their centers are at a distance 2d apart, where 
2d /(coth a -P Doth ft. 

If, therefore, we take the complex potential, 

X ” * + " fXt®, 

IP will have constant values on each of the two circles. The 
difference of potential between them is 

f ^ — A.{a -I- ft, 
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and the charge on unit length of the cylinder of radiue a is 
« - - 

with an equal and opposite charge on unit length of the 
cylinder of radius b. Ilius the capacity of unit length of the 
pair of cyhndera is 

where r is the dielectno constant of the medium between the 
cylinders. 

The electric intensity is given by 

• 2Q ,, , 

^ - y(l - cosm), 

and so the surface density on the cylinder of radius a is 
Q 

a “ 2 i^ a - cos tt). 

As the element of arc is 

. _ fdu 

“ cosh a — eoe u ' 

we find 

r Q' 

I e* ds- 2 ,- coth a. 

Therefore by (2) the resistanoe of this cylinder per umt of 
length is given by 

«i - (2>rpir.p)t^^, (8) 

where the subscript 1 refers to the cylinder of radius a. 
Similarly, the resistance of unit length the cylinder of 
radius b is given by 


( 9 ) 
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In terms of the dimensions of the oylinden we find, 


noth a 
coth ^ 


4d» + (g* - V) 

lied* - 8d*(o» + 6*) + (a> - 6»)'| t 
4d* - (o« - !)>) 

- ^(a* + 6*) + (o' - 6')'| ' 


( 10 ) 


The resistance of the circuit consisting of unit lengths of the 
two cylinders is now, 


fl ” Ri + Ri. 


( 11 ) 


If a - b, m » iij, and u = tj, so that the two cylinders 
have equal radu and are made of similar materials, the re- 
sistance of the circuit given by (11) u the same as the first 
and most important term in the result given by Mie * Snow,’ 
in a wholly different way, obtained (11) for wires of equal radii 
but different materials. 

Our expression for the self-inductonce of unit length of the 
circuit, (6), gives for conductors of equal radii and similar 
materials the first two terms of lilie's result. Mie gives a 
third term which, for sufficiently high frequencies, is negli- 
gible. Snow (1 c., Rq, (141)) obtained the same result as (6) 
when apphed to cyhnders of equal radii. 


A Circular Cyundss Paballbl to an Invinitb Planh 
Conductor 

3. If, in the case just considered, the two cylinders have 
equal radii and equal and opposite charges, the i nfini te plane 
perpendicular to and bisecting the line of centers is an equi- 
potcnlial surface. On this plane ir ^ u, and u varies from r 
at the origin to 0 at infinity. The difference of potential 
between the cylinder and the plane is — demand the charge on 
unit length of the cylinder is — d/2, with on equal and c^po- 
site charge on unit lengdi of the plane. Hence the capacity 

‘Amolnifar pwt, 2, p. 33q ISOa Eq (69). 

•Pnimkngi(4tkiInUnQtbmiUM<Mlim0ii^Ct>iirmtkeU<aTomd»,ita*, 
Vol il, p, ai9, tki (140) 
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of unil length of the rircuit consisting of cylinder and piano is 

r being tho dielectric constant of the medium, and 

cosh « # 

a 

where d is the distance of the axis of tho cylinder of radius a 
from tho plane. The surface density on tho piano is given by 

<r - <2^(1 - cosu). 


and the clement of length by 


(i» 


Jdu 

i — coe u 


Without changing the solution on the side of the plane con- 
taining the cylinder we may suppose the plane to be the 
boundmg surface of a semi-iuhmte conductor tio we have 
or the plane, 


/ 


Q* 

a* d* “ ** 


The resistance of unit length of the plane is accordingly, 


R, - 


where 


coth I 


(d> - o>)* 


The resistance of unit length of the wire, Ri, is given by (8), 
and then JZi -I- Hj gives the resutance of unit length of the 
circuit. If the radius of the wire, a, is small compared with 
its distance from the plane, d, coth a is nearly unity, and we 
get the same result that was obtained by Know ' for the prob- 
lem of a horiaontal antenna above the conducting earth. 

‘Lr, EqvsUon (148). 
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The aelf'inductance of unit length of the circuit is given by 

r « , Rl + Rt 

L " 2iia H — I 

where m u the permeability of the medium. We can oko 
write, 

, d + (d« - o*)i 
a = los 

" a 

Two C'lRTULAR ('YUNDBRS, OnB InbIDE THE OTHER, 
CABRYiNa Equal and Optobite Currents 
4 Tile transformation (B), with v » a and t> — 3, gives two 
circles of radu a and b, given by (7), with their renters at a 
distance d, given by 

d •• /(colh $ — roth Of), 

Thu u the case of a cyllndneal core, of radius a, surrounded 
by a cylindrical sheath, of internal radius b, with their axes 
at a distance d apart. The thickness of the sheath is im- 
material provided it be greater than the thickness of the skin 
given by (1 ). The resistances of the core, per umt length, Ri, 
and of the sheath, Rt, ore given by (8) and (9), but we now 
have in place of (10), 

b> - a' - d« 

coin a = _ 2d»(o' + b*)!*' 

1 

. 1 . „ 6* - o' -f d* 

^ ■_a')« + d'-2d'(a'-hb*))*' 

The capacity of unit length, 8, is given by 

where 

, -X o' -i- b* - (P 
cosh (a - fl) 

Therefore the self-inductance of unit length irf the drouit 
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formed of core and ibesth is given by 

If d - 0, tbe core and sheath are coaxial and the problem 
reduoM to that of the mibmaiine cable. When d — 0, a and 
d are Infinite, coth a * coth 0^1, while 

a* 4- b> 


The latter equation may be written, 
a - d - log^- 


ThereforB for the coaxial core and sheath the resistance of 
unit length of the circuit is 


r. (Zwsirip)* . (2vM»T|P)t „ . n 

2n +--2;6 


( 12 ) 


and the self'inductance is 

t-2alog'+| (13) 

Equations (12) and (13) are the limiting values for high fre- 
quencies that come from the complete solution of the problem 
^ the oable.* 

The effect of increasing d, tbe distance between the axes 
of the core and sheath. Is to increase the resistanoe and 
capacity and to decrease the aeU-inductance of the circuit. 


Two SlPARATBD SBia-ClBTULAB CYLINDIRS 

S. In a paper just preceding this one in these Proceedingi* 
the distribution <rf electricity on two cyllndetB that have ap- 
proximately semi-circular cross-sections, and are separated a 

‘ J. J ItwoMii, AomI Kutankti In JStudMkt oU Aii. S74, 

Eip (43) tad (4S), HssrWii*, Fbetrieol Pofwt, tU 3, p. ISB. 

'“nw OMribsUoa at H aa timy oo Tm Qytlnrtiii.’* llito pMMr (■ 
nt(n«dtouI 
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short distance, was found. Figure 8, in I, is a fair representa* 
tion of what would be obtained by cutting a circular cylinder 
by a plane passing through ita axis, aeparaimg the two halves 
a short distance, and rounding off the sharp corners. For two 
such cylinders with equal and opposite charges the surface 
density was found in 1 (06) to be given by 


a 



where Q is the charge on unit length of the positive cylinders, 
K' the complete elliptic integral of the first kind to the modu- 
lus A', and A is given, for very small modular angles, by the 
equation, 

J J_ + - 1) 

Ph'“ K’*'*' K' (I'-l- V>)’ ’ 

In this. 


V - ge*'. 


where v defines the position of a point on the cylinder and 
vanes from (I to K' For very small modular angles we may 
use the approxiinations. 


9 



IC. 

16 


The radius of the circular cylinder is /, and the separation, 
2xo, between the two halves, is fdven by 

2Xo r 

The element of arc is ds » dv/h, and so we find, 


I 


<r*da 


O' r* (1 + n dV 

F(1 -flbF* + V‘)»’ 


in which b is an abbreviation for 


b-l+ 8K'(K' - 1). 

By the change of variable, V « x, the integral beoomes a 
standard form; since g and gK' are negligible in comparioon 
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With unity, we get 

/ Q> 2 

“87r‘®*?(nr6) 

The hi^-frequoDcy resietance of unit length of a circuit con- 
eieting of two eurh approximately eemi-cirrular cylinders, 
when one of them is the return for the other, is therefore, 
by (2), 

R - l(2»»liT,p)» + (2T>nrjp)*| j , 

where 

B - gxTlog^,-:p-5j 

I'lie exproBsion for the roHistance has been written os the 
sum of two terms to allow for making the two cylinders of 
different materials 

The largest modulus that can be used with our approxima- 
tions is Jb • 10"'. The following table gives the values of the 
factor B, as well as the relative separation, 2 zq//, of the two 
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10 • 
10 ■■ 
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4441 1031 
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ryUnders. The resistance of the circuit ie therefore increased 
by bringing the two cyiinders nearer together. 

The capacity of unit length of a condenser consisting of the 
two cylinders was found in I (63), and is, witii a ~ 0 “ 1/2, 


“ 2wK 


putting in e, the dielectric constant of the medium There- 
fore, by (8) the high-frequency eelf-inductance of unit length 
of the circuit la given by 
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If instead of a circuit conaiBtiiig of two equal, nearly 
semi-drcular cylinders with equal and opposite currenta 
flowing in them, the currenta are in the same direction in both 
ryiindere, the electrostatic surface-density is given by I (60), 
in which Q/2 is the charge on unit length of either cylinder. 
With the same approximations for small modular angles, we 
now find. 


/ 1 



-, 1 sin-* 


4K'(K' - 1) ‘ 

] -I- 4K'(X' - 1) 


The resistance per unit length of the conductor ronsiating of 
the two separated approximAtely semi-circular cylinders is 
therefore given by 


R 





4K'(K' - 1) 

1 + 4K'(K' - 1) 


I 


If i » 0, this becomes 

ft - (2ritrp)t^, 


the hi^-froquency resistance of a single circular cylinder of 
radius/ 

Two Thick CYLmmurAL Suxlu 

0. As a final example we shall consider the two tyUnders 
obtuned by cutting a tube, the external and inteiNial radii of 
which are b and a, by two planes passing throqgll the axis of 
the tube and inclined to each other at an an^^e w — 2a. If 
the portions of the tube included within the two planes be 
removed, the remaining portions form two thick cylindrical 
shells, each subtending an angle 2a at the axis. The electro- 
static problem of the distribution of electricity on these shells 
was solved in a recent paper.* When the two shells have 
equal and opposite charges, ± Q, the eleotgo intensity is given 
by II (67), 

^ sn 21 («n* 8 — in> X)*(cn* t — dn* dm* X)* 

dt “ tKi m’ I m2S dn X 

' "HeotrortaUr Probluu CSonoagiad vith llkk CfUiulniMl ShaDa" TUs 
pspar vUl ba nrafiad to u II 
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From II (6) we get, dividiog by 2 because that equation refers 
to a sin^e shell, 


dyj * “ "f" 


2 sn* S cn* S cn 26 dn’ N dX 
in 2»(«n‘ rntn^(cn* 6 - dn’ 6 sn* X) 


On the convex surface, r «» 6, and X •» tr, where v vanes from 
0 to X'. On the concave surface, r •• a, and X «= X + ir, 
where c vanes from 0 to X'. So we find. 


J " * ”4bX, '•««’*«» 28’ 

where the integration is extended over the whole convex sur- 
face of one of the shells. We get the same result for tho 
integral token over the concave surface except that b is 
replaced by a. 

Over the ends, X » iX' + u, where u varies from 0 to X. 
Integrating over the two ends we find, 

** 4Ki'*»n* 8cn 28 Jo r 


If the shell is not too thick, the error made by substituting 
for r in the integrd its value for u — X/2 will be small. 
This value is r > (ob]i. The high-frequency resistance of 
unit length of the circuit consisting of the two shells when 
one forms the return for the other is the^fore given by 


R 


( 2riiTp) *t' sn28 

2bKi% en26 


lK'(i+l) + xQ)‘ 


The resistance is infinite for infinitely thin ahells for which 
A » 0, X' -i ao . The modulus it is given by 


*1 



The following table shows how the high-frequency re- 
sistance varies for circuits formed of shells of different dimen- 
sions. llie first column gives the ratio b/a of the external to 
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the internel radu of the sheliA, the second column gives the 
angle a subtended by half a shell at the axis, the last column 
gives the quantity, 


R' 


bR 

(2tjitp) * ’ 


R being the high-frequency rraistanre of unit length of the 
circuit. 


Ut 

a 

S' 

1 aoM 

TO* 10' « 

OMTS 

1 saoo 

84*34'S 

12M8 

1 IIUS 

as* 15’ fl 

1 4260 

I0NI2 

SO- 9’ 8 

1 650K 

10240 

sr 11*2 

20660 


For currents flawing in the same direction along the two 
cylmdncal shells, the solution of the electrostatic problem is 
given by II (58). The electric intensity is now 

<#£ 2Q ^ 

dt i sn j m 4 cn 2 j dn X 


The evaluation of the integral in (2) for the convex and con- 
cave surfaces and for the ends requires the three complete 
elliptic integrals of the third kind, given by. 



de _ 

«n* j da'* V 


K' + 


•n i 

cntdnt 




Jn 6 


dr 


<1 6 + cn* 6 i' 




X 1 - ** «n' 4 ST»> u " ^ i ^ cn « dn 4^^*^ } 

The accents on the elliptic functions denote that the comple- 
mentary modulus, it', is to be used. For the high-frequency 
resistance, R, of unit length of the two cylindrioal shells, 
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with tho rurrenU in the aame dirortion, we find, 




ir 1 >• 0, a »■ }t, and the two Bhella form a complete circular 
cylinder of radius b, its high-frequency reaistance accordingly 
given hy 


(2ir#iTp)» 




nXUSIORB 
HAUOSOir 8. HOBBU 

Fonnerl; Diroeiur FannaylTioik Antdamy ol the Fine Art* 

(Baod A])nttf,iean 
Aatrstcr 

The p*par foUnii Ptnr Rldtanl m rafiyini aomc of tha foUie* (tf the (Uv 

Iv we could reincarnate Benjamin Franklin in this age— 
and almost anything la possible with him — it is conceivable 
that he would use his inspired sense on our illurions. 

He had none of his own, though his age had its quota* 
as when a lady should encase her form divine in a tent of 
crinoline, and tea should be drunk from a slippery saucer. 

But we may conjecture what he would say now, to our 
crowding illusions that, in the words of the song of his day. 
All " a world turned upside-down.” 

Our dinners are served to us in the dark. To be sure, 
four or more candles shed an iltumve light on the darkened 
dishes and the shadowy faces, but the light Is not vouchsafed 
for disUnguishing the— I had almost said, “funeral baked 
meats.” This it may be is what a bosteas designs. Critical 
or invidious views are thus turned aside and you cat often 
without dbtinguishing between the soup and the salad, 
('onvereation assumes the hush of decorum, and the inarticu- 
late are thus placed on a polite plane with the nimble-tongued. 

But in the railway diner there la no lack of light or of 
information. The bill-oMare is blatant with its offerings. 
You may have nulk-fed chicken or you may choose sugar- 
cured ham. Nothing is what it seems. You conjecture, but 
are never told, whether chickens really prefer to be fed on 
milk, though you have never known one to be so fed; or 
whether feeding milk to chickens improves them as morsda 
of diet; or whether, in fact, you are at all sure your appetite 
is stimulated by your b^ng informed of the kind of nourish- 
ment chickens take. 

noomau o» ns *mwucjis raaoMraiaii, soenrr, 

WSk 7S, M I, NDWim, 1937 2B7 
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And the name is true, I suppose, of sugar-cured ham If 
you are skeptical at all about the cure of ham from some 
unfortunate malady, you may rest at ease, for the cure 
apparently concerns its seasoning, not ita health. 

But why you should be allured to eat by adjectives which 
you can not verify, and of which the virtue is not apparent, 
only illusion ran answer. 

And as you try to eat to the rhythm of the wheels, you 
are also suffering another iltusion, which has, perhaps, some 
very unfavorable effects. The air from conditioning gadgets 
IS blowing on your nock and giving you a congested head 
and nose The stream of conditioned air cannot be cut off 
liecause convinced victims believe in it And with your 
milk-fud chicken and sugar-cured ham you imbibe a more 
realistic effect called the flu. 

bio, loo. It IS with the air-conditioued building, made 
usually of glass. Whether the pipes inside are concealed, as 
111 all practical houses so far known, is left to the caprice of 
an architect who musts on being original and independent. 

We may conceive of such a structure using exposed glass 
water and waste pipes through which the man on the floor 
below may gauge the health of his associate of the floor 
above— a convenience, but not so friendly as the accustomed 
hand-shake and inquiry. 

.And returning to the tabic of daily meals, it seems that 
knives which wc used to associate with cutting, are now an 
ornament of the table, dissociated from any such function, 
which may be in Ihe nature of guarding a guest from a 
bleeding finger, but is, in reality, only another way of de- 
ceiving ouniolves with gentle untruth. 

Ail this would of course have engaged the penetrating 
Poor Richard hod his day gone as has ours. .Ho would have 
inquired why it u that dogs don't bite. Like some of the 
incredulous amongst us, he would have supposed they did 
bite. But he would have been assured that nobody with 
any mental equipment— or a household pet — believes that 
dogs do bite. 

The little dears or animsJs os big as a cow, an "man’s 
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best fncnds,” and unless they are goaded by inhuman treat- 
ment they are as sweet as the lambs they slaughter. 

Those who don't like dogs are the only people who are 
bitten. They, of course, deserve to be. As for rabies, 
nobody has actually experienced it, and thus there is nothing 
to tell. Ixivable little dogs rould not, and would not afflict 
others with rabies, whatever that may be. 

1 approached a happy lady coming from the door of an 
apartment house. She had a little black dog on a string 
I ventured to say, "Is he dangerous?" 

‘‘Dangerous," she laughed, ‘‘all she wants is to be loved ” 

No, do^ do not bite, and the raising of sheep with us 
has disappeared. The caresses of harmless roving dogs, (he 
masters of which love them end allow others to share their 
love, have devastated our mutton 

And it ia conceivable what the many-sided philosopher 
would have written in bis day if the Engbsh language, which 
he adorned, had sunk into capital letters lie would probably 
have asked why the practice should not be extended for the 
compression of dictionaries, and the language of scienlists. 
P.W A. and W.P.A. would have confounded him as they do 
us. But our dismay ia turned into incrcduLty when our 
Government compresses speech on the one band and elongates 
it on the other. Mark this vital collocation of words given 
to the victim the surtax as direcUous for performing that 
painful act' 

‘‘The surtax on any amount of surtax net inrome not shown 
in the table below is computed by adding to the surtax for the 
largest amount shown which is less than the income, the surtax 
upon the excess over that amount at the rate Indicated in the table ” 

As F. F. A., himself guilty of being alphabetical, says; 

‘'Disrespect for decent Kn^ish is growing so, that we are 
astonished that the editorials weren't headed, ‘Like Maine gooa."' 

Bo, too, in our careless use of a nch inheritance: the 
la n guage of Shakespeare and 'Wordsworth, do we aasnmn that 
anybody ou|^t to guess what a moron of the press means, 
when he uses "peek" for "peep," or when the carkaturist 
expects ns to divine which one erf bis figures is speaking. 
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All this is probably due to the importations we have 
admitted from Europe, not to speak of Asia and Africa. 
One of our illumons, the fantastic one that we bar from our 
shores the undesirables of other and darker lands, is heart- 
breaking. Anybody can lift the latch and walk in, whether 
clean or crmunal, whether on foot or sewed up in a gunny 
sack. And thus we are giving away our heritage of righteous 
character, and are sinking into sentmentality. 

Evidence of this faces us in every newspaper. The act 
of sentimental clemency by judges and juries has brought 
into our courts the illusion of parole and probation. Almost 
any criminal can be let loose on these excuses. They are an 
encouragement to crime, which sticks its finger at its nose 
and says, "Why worry, in again, out again,” and thus plots 
another crime against you and me. 

All of which IB the brood of Illusion. We are living on 
the assumption that man is perfectible, the assumption that 
has brought Europe to desperation, and is invading us with 
Its heresies and hypocrisies. 

The perfectibility of man is the chief of our IUubods, 
Labor and sorrow are wasted on him, and he isn’t much 
changed since the dtone Age. 

The League of Nations was wrecked on the theory of the 
man perfectible. But when that hopeful illusion was brought 
down to practice, it was found that to prevent wan, it m^M 
wage them. And it was without power, anna, unity. The 
man perfect had not arrived. 

What then must we do? 

Trust in Nature and imbibe its Beauty and 'Truth, and 
rest on the logic of the Universe. 

But still, I find myself wondering if the perfect man — 
not to say lady — would be as lovable, as worthy of friendship, 
os possessed of a sense of humor, ae the purifl^ one without 
blemish. 

Chsiles Lamb, you know, said, 

"Oive me man as ha is not to be.” 
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AamiGT 

TIm |«oki||lcal noK o( tha Ilodeiitl4 m mtcndad kaekwud Into tb( Mooccne 
Epiwh by tha diaaovery of irvanl tcath m the Ft Unloii fonufttloii at Baar 
louthani Moituia Ihia idanliBcallGn of a knar nmlar aad a fow 
Intiaon of tha oMot koowa tnir redenta sontnbutM but little lafoitnatioti about 
ite miuiihagiiajraiid tbaonfioof tbagroi^baeaiiae Iba teeth ao obaely naambla 
tboae Of tte kuinni EoeoDa rodoita, nitheito tha rarilaat npraestathaa of 
the order For arraiml rraaona, bowavar, tha Palaoaana apemnaDa are raoordad 
ai^ diieuaaad Rodent InaUan are dJatinguiahafala by growth haUt and mino- 
itruetnii from thoaa gl other mammala 

InveBtigatm aoppoited by WnUam Benyman Srott Raaearrh Fund 

iNTRODtrcnON 

RoDBNTa Are the moat aucceeaful and numeroua of living 
nutminala. They exceed oU other mammalian ordera com- 
bined in the number of genera and apeciee and are, in their 
abihty to flouruh In diverse environments, the most trium- 
phant. Although they constitute more than half of the 
census of mammals living today, the fossil types ue pro- 
greaaively less abundant as the ancestry of the order is traced 
backward in time. From rocks of the early Eocene epoch 
only one group is known, the paramyids, whi^, in dental and 
other structures, could have been anceetral to aU later rodente. 
Most (d the early Eocene specimens have been referred to 
the genus Panmyt. 

Many authors have already suggested that the differen- 
tiation of the rodents from other mammals, presumably from 
insectivores, occurred at least as early as Cretaceous time. 
The Paleoceoe teeth herein deeoribed support this conjecture 
because they ore as specialised as homologous teeth of aome 

nwwHMi or ns 4UBIMV retMsorsiaAi. Karsrr, 
vok ft, NOh I, sansiBM, IBIT 
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early Eocene paramyids, having no “more primitive" 
characteristiea that fumiah cluea to the derivation of the 
rodenta from another order. 

Another frequently expressed belief is that, although the 
simplicidentates (squirrels, beavers, rats, mire, porcupines, 
guinea pigs, and other groups) and the dupliridcntatea (hares, 
rabbits, and their close relatives) are often classified os sub- 
orders of the order Rodentia, the two groups are so remotely 
related that they should be ranked as distinct orders. This 
conception is likewise sustained by the Fort Union teeth 
because they show no evidence that the two groups were more 
similar in early Tertiary time than they are today. In tooth 
pattern and strurture the Paieocene rodents were as different 
from the earliest known late Eocene hares as the latter were 
from theu* contemporary simplicidentates From known 
specimens, even by the dubious aid of evolutionary extra- 
polation, the phylogenetic Ima of the lagomorpha and that of 
the true rodents cormot be made to converge toward a common 
ancestry in the early Tertiary period. When more complete 
specimens of Paieocene rodents and earlier lagomorphs are 
found they may indicate the origin and antiquity of the two 
groups, but the present material is inadequate for additional 
conjecture 

SurymyluB ‘ from the Uoshato of Mongolia is the only 
other genus which has recently been referred to the Paieocene 
Rodentia, but its specialised structures exclude it from a 
position ancestral to later simplindentates. Superficially, 
and in some details, its jaw and maxilla resemble similar parts 
of lagomorphs. Although Matthew, Granger, and Simpson 
have stated that it probably dues not belong among the 
duplicidentates, and Dr. A, E. Wood says that this genus 
cannot be a rodent and probably is not a lagomorph,' the 
specimens need further comdderaiion. 

> MstUuiw, W D , and Clisoenr, Wshar, " Fauns and oomlatlon of th« 
Qaahato IdnnaUon of Miiii^la”; Am, Mua. Novltataa, No ISS, I02S, pp S-7i 
Matthew, W D , Granger, Walter, and nimpeon, Q. Q , AihUtloni « the taims 
of the Gaihato fonnatloa of Montolla’’; Am, Mua. NovtUtea No STS, 1930, 
pp. 4-7 

' Slmpaon, O Q , "Tbs betinstiig of the age of aammals'’; Aiofoptonl 
ReHma, U, 1937, p 44. 
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Tb« curioiu cbararteriatirs of Bvrymylus make lU clamifi- 
caUon difficult and, at present, arbitrary. It shares (bis 
quality of unique structurea with several other Gashato 
genera When compared with any typical European or 
American Paleocene fauna, (hat of the Gashato is pecuhar, 
and Its relationship to standard European and New World 
early Tertiary faunas presents problems even more pusiling 
than most long distance correlations. Contrary to expecta- 
tion before its discovery, the Gashato fauna is not composed 
of forms ancestral to later European and American mammals 
and, although it is probably of Paleocene age, it consists mainly 
of specialised and unique genera which appear to be tax- 
onomirally isolated when compared with better known types. 

Asia was long regarded as an area from which vanous 
orders and families of mammals deployed to America and 
Europe during the Tertiary. As an evolutionary Incubator, 
however, Asia has been disappointing because few, if any, of 
Its known foeaile clearly represent forms ancestral to those of 
other regions. In many cases the correlation of Asiatic 
Tertiary honsona with others elsewhere is very indefinite, 
and the direction of proposed migrationa, whether to or from 
Asia, IS determined by such vague oetimatea as the “degree 
of evolution” of the respective faunas. 

Another explanation, alternative to migration, to account 
for the appearance of a new mammalian group at a certain 
stratigraphic level ia that, although anceaind forma lived 
earlier In the same area, their remaina have not been dis- 
covered. This absence may be laid to the fortunes of collect- 
ing or to fades differenoea. 

A few years ago no Paleocene Periisodactyla, Artlodactyla, 
Rodentia, Primates or Dinocerata were known, and oU of 
these orders were bdieved to have evolved in some unknown 
area and then to have mlpated suddenly to the re^ona where 
their remains have been found in early Eocene aedimenta. 
Individuals representing the latter three orders, the rodents, 
primates and Dinocerata, have since been found in Peleooene 
strata, and some teeth of cemdyiarths from this epoch are so 
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nmilir to those of Eocene dtchobunid artiodactyls that the 
derivation of the latter order from the former seems very 
probable. Individual lower molar teeth of the two groups are, 
in some instances, indistinguishable. The extrat of this 
resemblance was not realised when a Paleocene genus, Phena- 
eodaptes,^ was described and tentatively and questionably 
referred to the primitive artiodactyls. Since then many more 
specimens have been collected and, as recorded by Simpson,' 
the genus may be more acceptably regarded as a condylarth, 
at least until diagnostic skeletal material is found. 

Many postulated migrations have been proved imaginary 
by the discovery of ancestral forms in older rocks in the same 
area; and the use of negative evidence, that is, the absence 
of a group, as a device for correlation is repeatedly demon- 
strated to be treacherous. Even yet, however, nomadic 
habits are attributed to many unknown ancestral strains as 
an exjdanation where facts are absent. Recently Simpson, in 
writmg about the "progressive diversification" of the mam- 
malian fauna during the American Paleocene, says "In 
greater part it is probably caused by the immigration of new 
types of mammilla from some as yet unknown center or 
centers of evolution." * 

The age relationship of the Bear Creek Paleocene mammals 
to other faunas has been ducussed by Bimpaon,* wbo noted 
the rodent incieors but believed that they pertained to some 
kind of a multitubereulate. A revised IM of the Bear Creek 
mammals follows; 

iNexcnvoBA 

LeptictidsB 

Leptocodon stegfrudfi 

Nyotitheriidn 

■ Jdpmt, a U, “StiatlsisphT tad pslMotckw of tha Meoas ns cl Hoftb- 
taiSam nifc Oxinty, Wrombf ^ce. Am. mSoe., V«L LXQC, No. 7, 1930, 
P.A1T. 

' Sap o nn , O. O., Of oi, 1887, pp. 23, 38, and 40. 

•rdsisp.s8 

I giBtfi s nn , Q. Q , "lUtd soBtrlbutloa to tlw Sbrt Uidoa Isuiia at Bwr 
Qotk, Mon ta n a Am. Mwa. NorHoto^ No 848, IMS. “Tba TWoiijr faiaw, 
vvpw Psiaooau ”, Am. Mta. Norttstaa, No. 7BB, lUe 
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ProUnUmodon wnriealu 
7PantdMtida 

JPeniacodm cf. ttuernu 
TDkbvoptsba 
PlagioiiienidcB 

Planetetiunum mircibiU 
Pbihatu 

Pleiiadapidn 
Plestadapu ap. 

Apstemyids 

LabidoUmw kayi 
Carpolestida 

CarpoleaUi mgndent 
C. aquiUs 
Taniodonta 
StyUnodontida 

IPnUacolhmufn Idbdslh 
Rodbntia 
Pwamyida 

Paramya aUunu, new Apecies. 
Carnitoba 
Arctocyonida 

Tkryptacodon pMudordoa 
Mesonychida 

Dinaev» cf. nontjomua 
Conotlabthra 
PhenacodoQtlds 

PhenaeodMa cf. pnnufinu 

Dxbcbiption of Niv Bpbcibs 
Clasbification;' 

Obdbii Eodintu 

BubOBDXR PBOTBOOOllO&PaA 
Buperfunily Ischyromyoades 
Family PoramyidJB 
Qmua Pwntmya 

N«w apeeiei, P, otenu 
■ Aa idoMUd by Or. A. E. Wood. 
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Holotype — Pnnceton No 14,200, right lower molar, probably 
the second, Figs C and Z>, PI I 
Pahatype— P nnceton No. )4,200a, left upper incisor, Fig. A, 
PI. I. Gift of Dr J. C F. Siegfnedt 
Rbpbbbed iSPEciiiENB — PriDoetOD No. 14,200c, fragment of 
loft lower inoisor, Am Mub. No. 22,155, left lower 
incuor larking anterior tip,' No. 22,156, fragment of 
right upper mciaor,* No 22,166, part of right upper 
inciMor and antenor tip of left lower inniaor, No. 22,163, 
almost complete nght lower incisor,' No. 22,190, a 
fragment of a nght upper incisor and two pieces of 
left lower incMors 

Hori EON— Bear Greek Paleoccno, about equivalent in age to 
the Tiffany of Colorado, the " Pnnceton Quarry" of 
Park County, Wyoming, and the >Scarritt Quarry in 
Sweetgrass County, hfootana 
Foruation — F ort Union. 

Iajcauty — E agle Coal Mine, Boar Creek, Carbon County, 
Montana. 

Generic Analyhib — Paramys, hitherto reported from the 
Eocene, and ranging from the Gray Bull to the Uinta in 
North Amenca, has been defined and figured by several 
authore since the type description by Leidy m 1871. 
Loomis m 1907 and Matthew in 1010 and 1915 cited 
the generic distinctinna. The mcisors have been de- 
scribed as "broad or of moderate width with convex 
antenor face” and the lower molan have "low mar- 
ginal cusps, little or not at all crested, entooonid a 
distinct cusp instead of a margiiial ledge, broad sh^ow 
banned heels.” Many other skeletal structures have 
been noted but are u^ess in the present analysu of 
incisors and lower molan. There can be little doubt 
about the reference of the specimeiiB to Paratnya until 

' Thla ■peouDeo «u fifurad by BUapvb, Us- lOA, ptfe 14, In "A new 
mninniilinn buiu fmm Uw Fort Union o( Boutlinn MonUnn," Am Miu. 
Noritnte, Ko, in, 1B38, wban in nssrdad tlxM fauten h b»4nng)in (o moltt- 
tubermUtsn. 

•FIf. 

•Fl( 11, OU. 
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the genus undergoes a restudy and revision which it 
greatly needs because it probably includes several 
groups that should have generic rank. 

Hpicific Analtsis — Paleocene age. Incisors and lower 
molar small. Anterior-posterior diameter of upper 
inoiBof^2.0 mm., medial-lateral diameter^l.4 mm. 
Width of Mt— 1.7fi mm., length (anterioNposterior) — 
l.Q mm. All molar cusps comparatively elevated and 
rounded. Knamal smooth ‘"Trlgonid’’ hi^, well 
above heel. Metaconid higher and more robust than 
protoronid. Interior bamn broad and smootb. Ento- 
conid fonall, marginal. Hypoconid small, labiaUy 
situated. M| slightly longer in proportion to its width 
than the molars of Eocene paramyids. 

Two small ridges connect the protoconid with the 
metaconid, enclosing between them a diminutive 
perched basin. The anterior ridge mounts almost to 
the summit of the metaconid, adding to the apparent 
use of the latter. Postero-mtemally the slope of the 
metaconid is concave but the cusp iterif shows no more 
doubling than do Eocene specimens. 

The outward (Iidiial} position of the hypoconid 
makes the posterior part of the beel basin wider than 
the anterior Loomis’ roesostylid (median external 
cusp) has no internal epur such as can be seen in many 
small specimens of Pttranvy$ from the Wind River. 
Grooves on tbs anterior and the poeterior sides of this 
cuspule, between it and the protoconid and the hypo- 
oonid respectively, are shallow, with rounded floors. 

There ate many minor features in which the species differs 
from an availaUe qiecimens of the most similar early Eocene 
species of Paramyi. Some of the latter are almost ss ■m«]l 
and many have several of the above-named oharacterlstics, 
which have not however been found oombined in any other 
teeth. Moet of theee features are subject to great variation 
in Poramya, but in general, P. aUmtt more olosely resembleB, 
in incisors and lower mcdm, the early Eooene (Gray Bull) 
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small species Lke P munnut than it does the larger Gray Bull 
species or any specimens from the Wind River More de- 
tailed discussion for speciation seems futile until additional 
parts of Paleoccnc rodents are discovered. 

Rodent Incisors 

liike the upper incisor of most rodents, that of P. atavwi 
is a larger sector of a smaller ring than the lower. It is also 
less twisted so that, if coiitmued to complete several circles, 
it would form a more tightly coiled spiral 

Enamel is confined to the rounded anterior-lateral surfaces 
of the incisors On the upper incisors it extends around the 
external side for a distance a little less than one third of the 
antoro-postenor diameter of the tooth, and on the lower 
incisors the enamel coven less of the lateral surface, about 
one fourth of the diameter. The tip of the upper incisor, as 
usual among rodents, wears to a blunter chisel-shaped edge 
than the lower. The roots of the Paleocene rodent incisors 
are unclosed and unconstneted, having grown from persistent 
pulps. 

Skiagrams aided in showing some of the incisor character- 
istics mentioned above Thin sections were made ai)d 
compared with those of other teeth which are sometiiiMe 
confused with rodent incisors. The results corroborate In 
part the conclusion of Tomes in ISfiO,' and numerous abhors 
since, that in conjunction with other features, the micro- 
structure of dentine and enamel in rodent teeth if useful in 
distinguishing them from the teeth of many oth^r mammals. 

Figure B on the accompanying plate is a drawing of a 
section of an upper incisor of P. alatnu. This shows the 
direction of the dentine tubules, their attitude being empha- 
sised on the illustration by lines drawn at intervals where the 
curvature varies This seems to be a oharaeteristio pattern 
for the incisors of Panmya, /scAyromys, and several other 
rodent genera, and is distinct from the tubule form of other 
mammalian orders with which comparisoiis wen made. 

‘ Tonm, Mui, “On the atmolars ot tka danUl tlisaen of tbo Order Ho* 
dantto": PkO. Traiu. Altai Noe , Fort II, pp. BaO-UT. 
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At the start of this examination of vanous incisors it was 
believed that there would be great difficulty in distinguishing 
rodent incisors from other small teeth which are frequently 
referred to as “glirifarm.” Soon, however, the fact became 
clear that the Incisors of rodents are very different from all 
other teeth. As far as can be ascertained at present, only a 
few other small mammals have an incisor that grows through- 
out life from an open root, with enamel confined to a con- 
tinuous band on the antero-external surface of the tooth from 
tip to root end The wombat, Phagadomyt, the aye-aye, 
Dttubenionia, the hyrax, Procavui, and the lagomorphs have 
incisors, upper or lower or both, that fulfill these specifications 
in varying degrees; but they differ in many respects, such as 
shape, wear habit, distribution of cement, and dentine pattern, 
from those of rodents. 

Incisors of the multituberculate, Evcotmodon, have been 
described as rodent-like several times by various authors ‘ 
because the enamel is limited to the antero-lateral borders, 
but this adjective is misleading. The mcisors of all multi- 
tuberculates are very easy to distinguish from those of rodents, 
especially when the whole teeth are examined and not merely 
the parts protruding from the alveoli. Multituberculate 
incisors formed closed roots ^ter a period of eruption that 
varied in different genera Even on relatively young indi- 
viduals of Eveoamodon the terminal constriction is obvious. 


The same has been noted of Microcoamodon, a related genus 
whose lower incisor was erroneously described as gliriform.' 

In multituberculate incisors the enamel never extends to 
the end of the root but terminates at vanous distances short 
of it. Enamel deposition may have contmued for a while 
as the tooth gradually grew to keep pace with the wear on its 
Up, but In old animals the enamel^ portion of the tooth grew 


' Sir Uatthor, W D,'*Mi«M(n«(kiutuof the Su Juan Bulii,N.M«zloo'’, 
Tnat Amtr PM. 5ar , Vol. XXX, 1837, p. 983, "tbonwshlr illrUbrai indain," 
ind SunpMa, Q 0 , ‘“nia 'FhiiUuUflM' typa d imainiMli.n daotitkia”; 
Jaur if Mamnabni It, No 9, 1833, p. 103, (Unfeim bietaan " 

' ■lapno, O L , “RtraUfiapfar uid palmtoiofr of the Fsleoaene of North 
■wtam Full Oauuty, Wraulns''; Pne. Amtr. PM iSae., V6L LXIX, No 7. 
1930, p. SOS. 
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completely out of the socket. Most multituberculates had 
enamel coating the entire tip of the incisor and ending outside 
of the alveolus or descending into it but a short distance. 

Other groups of small Tertiary and later mammals, whose 
long and procumbent scalpiiform incisor teeth have been, or 
might ea^y bo, confused with those of rodents, are the 
Cenolestide, Polydolopida, and Phalangeride (marsupials); 
the Plesiadapida:, Carpolestids, and Phenaeolemur (primates) , 
and P%erodu» (of uncertain order Enamel covers the entire 
tip of the incisors of most of these, and although it occurs in 
some as bands restricted to the anterior border and the udea, 
the ends of the root are in each very constricted or closed. 

Not only is the enamel of P. ataviu distinctive among early 
Tertiary mammals by virtue of its umque distribution on the 
incisors, but it possesses features in its microstructure which 
assist in the identification of fragmentary teeth. The incisors 
herein referred to P. ataviu were identi&ed as pertaining to 
rodenta because of their characteristic rmcrostructure, even 
before the molar was discovered; but this evidence alone was 
regarded as insufficient for taxonomic security. 

Tomes, Carter ^ and others have described how tubules 
or fibrils m the dentine are continued into the enamel in the 
teeth of several groupa of Tnammsls This penetration of the 
dentinal fibrils into the enamel is i^parently a cbaraoteristic 
of all multituberculates, all bving lemurs except Dauhenlonta 
{Cheiromyt), all marsupials except Phatcofomya, many In- 
sectivorea, and all hyracoida, but has been reported among 
rodenta only in jerboaa. 

It is mtereeting to note that the sole exception among the 
lemurs and that among the marsuplala are two of the three 
genera mentioned above as having limited baoda of enamel 
on incison that grow from persistent pulpe. . The third genus, 
Proeaaa, has these characteristics confined tp the upper 
Indsota, the lowers having enamel-covered crowna and oloeed 
roota. It would thus seem that in construction and habit of 

‘ Carter, ILaratan, “Oa the etruetnn ol tlie wisnri In Uie MosUi end 
fome othw memninle Prut. Zatt Bet., 1993, p. WB. 
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inrioon, th« wombat and the aya^tye simulate rodents more 
closely than do any other mammals. 

Characteristic structures and arrangements of the prisms 
in the enamel of rodent teeth aid in their IdentiOoation. 
Tomes ‘ pointed out that in simple forms of enamel, prisms 
paa from the dentine to the lieriphery of the enamel and are, 
with slight exception, exactly pandlel, but in rodents contigu- 
ous layen of prisms start off from the dentine at different 
angles, alternating in this respect, so that if the seotion em- 
braces more than one layer, patterns are produced by the 
crossing of the prisms. 

Sections of the rodent teeth from Bear Creek show this 
twisting of bundles of prisms in the enamel, giving it the 
typical croBshatched or gnarled rodent pattern. Buest* 
suggests that the enamel prisms or rods are sometimes spirally 
arranged In the inner regions of the enamel of human teeth, 
but this is not a connstent or characteristic pattern for the 
primates. 

In summary, it may be said that the Rodentla are among 
the most ancient orders of mammals and that the teeth of the 
earliest known, Palooosns, members of the group had already 
developed many of the details of enamel and dentine structure 
that are characteristic of living rodents. 

'Tdoai, Chaihi 8, "Ob Um rainuU •tiiMtim oT tlw twtli of modoota, 
with awMoU nteaoBa to tiieiT w igntod r— mbliBw to DanuiilBb''i Pnr 
XoM Aw , Jaa 18, 1900 

■ Boeat, T B , OmU kutohff mud ratryoiDCf, p 18, 1984 




A ROTE ON SOME 8m:iB8 OF MABIHE MOLLUSXS 
OCCmtXIHO IN BOTH FOITNESIA AND THE 
WESTERN AMERICAS 

uo ocoKos amuiN 

Amlitaiit ('untaTf Dvputment ot P^ieoatokt^f CWUfonilA jlBMlenij of Sdtoeao 
Atrauiff 

Tblf pafNir rootaliu ■ brief dlvimioB of wBuUriilea ood pooslblo atmag 
of nigrfttioB obwrmd la the mcdloMaa faana of kbo Id 4« PaidflA Mfloa aad 
tbi wostoni AnurfoM tbdr offfbora iRltiKb. A oiap 1* iMloded ibowiaf 
tho iraanU nlatUnu of the Uad mioiM tod iRlandi. A Uit of ipodsi fratt 
tbe oaaCora Fadde la gireo foatoialaff ooma Eponw which are Irfeatlaal aid 
othen vhKh an taalogaiM to thoao tn tbe Tado PaaUf. It ia polated out 
that la tlM ■peetea heraia cited the Oaatropoda an more comBoa thaa the 
Pulocfpoda. 

Ori of the fasomatiiig aepeota of the study of Conohol* 
ogjr ia the mystery of the ooearrence of certain species of 
mollnsks in widely separated regions, spooies whioh appear 
like wanderers from foreign lands. For instance, there are 
a number whioh apparently have reached the western 
Americas from such distant regions as the Caribbean, 
Japan and Polynesia. 

Dali ' mentioned that a decidedly Indo-Paciflo clement is 
present in the marine moUusoan faona of Clanoa Island, 
Kevillogigedo Oronp, bnt Strong and Hanna ' have stated 
that only two Indo-Paciflo apedes were present in a ool- 
leodon containing 61 species from that locality studied by 
them. 

In the present paper the writer propones to place on 
record some of the shallow-water speoieB which occur both 
in Polynesia and In the tropical and snbtropical waters of 
western North and Central America, including the islands 

1 Dslt W. H., tai Oehner, W. tt, fnt. CMf. Acai. Bel, Bn. 4, IT, an 
4, ^ M, Jbu a, issa 

• etrau, A. IL, uS H«bu, O. P., rrae. CtUf. AetA. BM., Sn. 4, IS, 
no. S, p. I, jttM 4, im. 

c i o n tP M «r nti iwiw naUMorsiou tocasri, 
T<bTAire.l,»a»im,lSB7 SOB 
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south to tho Galapagos. Soint* other forms, different but 
analogous, are also worthy of record. The considerptioa 
of the Identity, or similantiee of species from localities so 
widely separated raises the question as to whether the 
separation is biologic or merely nomcnclatorial. 

Many of these occurrences have been brought to light 
by raiious expeditions, namely, the Rzpedition of the Cali- 
fornia Academy of Sciences to the Galapagos Islands, 1906- 
1906, which also visited Clipporton Island; those of tho 
same Academy to the Gulf of California in 1921 and to the 
BevUlagigcdo and Tree Marias Islands in 1925 ; the G. Allan 
lianoock E^todition to the Galapagos Islands in 1931- 
1932; tho Templeton Crocker Exp^ition to the Galapagos 
Islands in 1931-1932 ; also by the various coliooting tripe of 
II. N. Lowe along the tropical shores of western North 
America. The writer here acknowledges helpful sugges- 
tions received from Dr. G. D. Hanna, Mr. A. M. Strong, Mr. 
I. McGuire and Dr. H. 0. Brhenrk, in the preparation of 
this paper. Acknowledgement is also dne Mr. C. M. Cross 
for assistance in the preparation of the map and to Mr. 
Frank L, Bogers who has furnished tho photographs in- 
cluded in this paper. These photographs are the result of 
work acoomplishod during a government Works Progress 
Adminintration project. 

The following species known from western North and 
Central America are only the moat striking examples of 
forms which appear to be identical with or analogous to 
Polynesian or I^o-Paoifio ones. Further study will prob- 
ably reveal additional spedes which are common to the 
two regions. 

Ptnclada maeatlantca Hanley. Tres Marias Islands; Isa- 
bel Island between MsmtUn and the Tres Marias 
Islands; the Gulf of California to Panama and the Gala- 
pagos Islands. This pearl oyster was considered by 
Jameson (Proc, ZooU 8oc. London, 1901, p. 376) and 
Lamy (Joum. de ConehyU, VoL 67, 1909, p. 227), to be 
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merely a Hubapeoieg of the indo-Paciflc Pinciada mar- 
garitifera Taiuiieufi 

Acmaa striata Qnny & Gainmrd. L'ilud by von Martena 
(Sitz. Oesell Nalurf. Freunde zv Berlin, Jahrfc. 1902, 
no 6, p 137) from Cocoa Taland and thn Galapai^a 
lalanda; alao cited by StcarnH from the Galapagoa 
Islands. This la an Kast Indian apecies 

AipeUa pyramdaiis Broderip. Marjitlan, Sinaloa, Mexico 
to Panama and GalapoKoa Tslanda. This is close to the 
Polynesian and Goal Indian A. anreps Lamarck. 

fJassis vtbeT meucatia Stearns Tres Manas lalands, and 
La Paz, Tiower C*aliformu (Stearna); Snu Jose Taland, 
Gulf of Cnlifortiin (Tiowe) Tina is cloao to C. rtbrx 
Linuens, a Polynoaiati species 

Cheilpa equrstru Liunams. San Jnan del Sur, NicaraKua; 
OolupaKos lalands Tlie species ia also known in Poly- 
nesia and the East Indies. 

Colubraiia jordam Strong (MS.). Socorro Island, Rovil- 
laKiKodo Group; GalnpuKoa lalaiids. This is closo to 
“Triton” tulididus Howerby from Polynesia and the 
East Indies. 

Colubraria lucasensis Strong & Hertloin. Cape San Lucas, 
Lower California, Galapagos Islands. This is aiimlar 
to a spocicB figured by Chemnitz {Neves fiyst. Conch,- 
Cab., Bd. 10, 1788, PI. 162, figs. 1652, 1563) from the East 
Indies and Island of St. Mourioo. 

Conus dalli Steams La Paz, Ijower California; Tres 
Manas Islands; Coons Island; Costa Bica; Panama. 
This species is very closo to certain variants of Conks 
textile Linnsus, a well known species in Polynesia and 
the East Indies. 

Conus ebrttus IiDna<ns. Galapagos Islunds and, Clipper- 
ton Island. The speciiiiens aro identical with others 
from Polynesia and the Philippines. 

Conus ebraus vermtrulatus Lamarck. The remarks ao- 
* companying the preceding species apply also to this 
form. 
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Crepidvla anUfatn Gniolin. Magdalena Bay and the Gulf 
of (.'alifornia ; Trea Marias Islauds; Itovillagig^^lo 
Islands; Central America south to Punaniu, aud tho 
Galapagos Islands. This Hpecics has been r(>rotdi*d 
from both the Atlantic and Indo-Paoiftc regions 

Cymatium amiefum ficove. Tros Marias and Revillagigedo 
Islands; from the Gulf of California to Panama, and the 
Galapagos Tslaiids. There seeriis at the present time no 
way to separate the west American and Indo-Paeiflu 
fonns. 

CvmnhutH reslitum Hinds Gulf of California; Tics 
Marias ami Revillagigedo Islands, south to Panania and 
the Galapagos Islands and Chpperton Jsland This 
species is very close to the Indo-Pneific C. pjenre. 

Cffpraa ytllri Jousscaunie (intei turdm Gray, 1847, not in- 
termedia Kiener, 1846; ace also Scliilder, Pror Malarol. 
Sor. London, 19, pt. 1, 19.30, pp. TK) .31). Clipiierton 
Iskud. A Polynosiau speeioh. 

('i/ptaa isaheUa Liniueus (Mipiierton Island A wide- 
spread Indo-PaoiQc species. 

Cyprira %sabi-Ua-mezu ana Ktoarns. Tres Manas and Bevil- 
lagigodo Islands; also Gulf of California and Cape Sun 
Lucas, Ijuwer California , ('lippcrton Island. This form 
differs but slightly from the well known Indo-Paeiflc 
C, Isabella Linnsus, 

Cyprtea manefa Linueas. Cocos Island ; Galapagos Islands. 
This is a widespread Indo-Paeiflc Hjieeies. 

Cypraa scurra C'beinnitz. Chpperton Island. Recorded 
from the Hawaiian Islands (Baldwin, Kauhlus, Vol. 11, 
no. 11, 1898, p. 123; Ingram, Nautilus, 50, no. 3, 1937, p. 
81), and the East Indies. 

Cypraa teres Gtnclin. (Labelled as C. tabescens Solandcr 
by Dali and Oldroyd. Regarding the name of this 
species see Shaw, Pror. MalacoL Snc. London, Vol. 8, no. 
5, 1909, p. 304). Clippeiton Island. This speciea is 
known in the East Indies. 
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Drupa moru3 Lamarck.* Clipperton Inland. An Indo- 
Paolfio Bpeciea. 

Drupa rtcintu Linnsua. Clipperton laland; ITood laland, 
Galapagoa lalanda. An Tndo-PaciAc apaciea. 

Hipponia anhgvaiut Liniueua San Benito lalanda, San 
Boqne laiand, and Gnadelape laland, ofT the weat ooaat 
of liover California; Tree Mariaa lalanda; Gulf of Cali- 
forma and Galapagoa lalanda Tina la a wido-apread 
Indo-Paciflc apecioa. 

Hipponix harbaiua Soverby. {f —ptloaus Deahuyea). 
Cape San Luoaa, Tree Marian and KevillagiKC^lo lalanda 
aouth to Oajuica, Mexico and Galapagoa lalanda Alao 
Polynualan. 

Mitra miira papalts Tnnnnua. Clipperton Inland. A well 
known Indo-Paoidc apeciea 

Murex {Chxcareua) palmae-rosae mejiicana Stoama. Tree 
Mariaa lalanda (Stearna) Comndered by Steama to 
bo a aubapcciea of the Indo-Paciflo M, pnlmap-roaae 
Lamarck. 

Quoyula madrepnrarum Sowerby. (Purpura monodouta 
Qnoy and Qaiinard, Voy. ^'Astrolabp," Zaol., VoL 2, 
1833, p 561, pi, 37, figa. 9 and 10, Not Purpura moti» 
doufa BlainviUe, Nouv. Ann. Miia. Nat, ITist. (f*arv^, 
Vol. 1 [2], Post May 1832, p 241 (according to Shor- 
boru). See alao Iredale, Proc. Malacol. Soc, London, 
Vol. 10, pi 3, 1912, p. 221). Socorro laland, Revillagi- 
godo lalanda; Maria Madrc laland, Troa Mariaa Group; 
Acapulco, Guerrero, Mexico; Taboquilla laland, 
Panama. Thia ia an Indo-Paciflc apoaiea. 

Folufa di‘8hai/esti Keeve. Clipperton laland (Dali, Nau- 
tfluo, Vol. 24, no. 10, 1911, p. 112; Lowe, Nauitlut, Vol. 
46, no. 4, 1933, p. 112). A New Caledonian apooiea. 
Valuta anttUa Solander deacribed from Patagonia waa 
alao recorded from Clipperton laland by Lowe. If thia 

A 1 009 iho ?csuvJt0 tt Pllibr/ and ronrpTslnf thk iperin (I/aiUlbu, 

St no a, 191B, p lot, pL V, Fig. 11 HawoH). BftotMtiberg akd Bongt 

(/Mfii, d0 CoMftyt, 77, iM, I, 1M3, p 844) h%jt opuUired Mdiw L«iui«k 

to bo tho oorroet apMUo suu fot thb ipodlw. 
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speoiea really inhabita Clipperton Island it is an onorn- 
aJons ocoarrenee. 

Tbo echinoida BriMUS lateoarinatua Loske and Metalui 
gpatagua Limucua occur both in the Oulf of California and 
in Polynesia and the East Indies. 

Sn^ wide diaperaala of speoiea across vast areas of 
open ocean as are cited in the foregoing list may bo favored 
by a long froe-swimining atage, conaidered as a factor 
linked with those of ocean currents and attachment to drift- 
ing objects, to pelagio fishos and manunals or to the feet of 
birds. There seems to be no evidence to indicate that these 
forms have been distributed to the loualitios indicated 
through any agency of man. Whatever the means of dis- 
persal, it may be signiiloant that the shallow-water mollus- 
oan species considered in the present paper with one ex- 
ception, are all marine gastropods. This would seem to 
imply that the pelecypods find it less easy to reach widely 
scattered localities and that they are essentially dwellers 
on the borders of continents or major land masses. It is 
true that there are species of pelecypods from western 
North and Central America which do resemble rather 
closely others from Polynesia, but the similarity appears 
to the writer as less certain than that of the gastropods 
listed above. 

Another striking fact is that certain of these speoies 
cited from tho eastern border of the Paciflo occur only in the 
islands far off the coast, namely tho Galapagos Islands, Co- 
cos Island, Clipperton Island, and the Tree Marina and 
Bevillagigedu Islands. Also interesting is the fact that 
many of the species cited in the present paper belong to the 
families Gonldoi, Cymatide, and Cyprndni. 

Carpenter {Rept. Bril. Aator. Adv, 8ci. for 1856 [issned 
1857], p. 346) recogniied this fact In the following beau- 
tiful words, he stated what every student of geographical 
distribution of mollusks must remark in a comparison of 
these Polynesian and west American sheila : 
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" haviiiir, whrii examiniiiK the ehelle of the MarqneHu in 
the neuter of the Povifk', found ervpml ronitpiruniiK and well-known 
fonns of the Aeiatie Heai, In epite of (in perte) the profound depth 
of orean that Ilea between , he will naturally expert, aa be reacheH 
the Aiuenean Hhurea, to find alao not a little in common with the 
uppoaitp aliorea lie erOHMn the vaat nnbmkeii expanae of the Weat 
racihc, one flaiik of the henilaphere of watera, whirh of itaelf 
almoat rivala the Atlantic in extent lie pauses at the solitary 
ArrhiiielaKo of the Oala]iat;(»<, m the very lonKilude of the (lulf 
of Mexico, imardiiiK (aa it were) the Kreat bay of Central Amrriea, 
and withm fiOO miles of ita alionsi Rveii here hia eye mata with 
pleasure on a few nell-kuown Cones and other forms, which have 
irohhed the falhomleaa deptha end rome to claim kindred with their 
iiiollnscan brotherhood of the New World But here they stop 
'I'hey could traverse half a world of waters The human apirit that 
Kivea them anderslaudliifr and a voire, beholds them on the very 
threahuld of the promisetl isintinent, m whose hays and harbours, 
protected by the ehaiii of everlastinif iiinDiitaiiia, thev ahall And 
the Roal of their lonR pilRnmaRe But the Word of the nnknowii 
Power haa gone forth , and the last narrow ebaonel they attempt 
to erusH in vain " 

To aniiiniurixe, (Loro are certain west American apecioa 
which cun be renogniaod ns identical with and othera that 
(ire very Riniilnr to those of Polyneaiu, while the rednllR of 
recent atudica of the Tertiary and Recent molluacan fWinn 
of weatom North and Central America neem to indicate that 
the number of uddifions from Polynesia to tbia region have 
been ainall in oompariaon to the nnmber received from the 
Caribbean and Japaneae regions 

PLATE I 

Flgarei of morlM nolliulw from Polynwla and tbo Western Amnleas, 
illwtrmtlog upoflei whlpli are Idoatleal or sUbUbt 

Fra 1 etrnTM Uniteocs htfngih 80 mm,, mAxliuiiin dlamator 

SI ima Flealotrpe, No 7050 (Calif Arad. Bd Palao T/pa Coll), from 
Lor 1248 (CAft, n Hmidiill), Talaod of MaulUiia. 

Fra 8 foaM rbmj Llnnmu Lcaglh 8S mm. (apex laeoaplete), nax 
Imam diameter SOJS nm FledotTpe, No 70^ (Calif. Aead. BH. Paloo. TTpe 
Cpll.), from Lue 23,000 ((* A.B.), C0lppertam lelaad 

fha. 9. Cfpnn iratdZaHMabaa^ Btaama. Length 40 9 mm., taaxUaam 
dtameter 2S mm PfoHotfpe, No 7008 (f^if Aead Brl. Palno Tjpe (ML), 
frem Isoe 27,977 (CA B.), Marla Madre liland, Tree IfariM Cronp, ICralao. 
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no 4 Cftprofu itdbeUa Unnmu. Lmfth 30 4 ram., nwiimiini diunetrr 
10 8 mm. Plpilvt/pi*, No 7007 (C&Uf. Aei^ ScL Pnleo Tjp«< Cull ), from 
SN,880 (CJifl.), BlmiUn liliftd, Aaitni (iroup 

Fra 0 7^r«pa nmiiiw Llflimi. li^iiKth 2i 4 mira, mfulmani diametar 
20 mm (ilirll not romplotc) PlailoLype, No 7039 ((*nJ1f> Afid Rel Palm 
Tvpo Uoil ), from lior 83,M8 (O.A.S.), KanUkekan Bay, tfowall. 

Fio 0 />rii|Ni r/WMM Lliinma. length 3^1 mm, innxlmum diameter 
23 5 Bun Plniutype, No. 7000 Aead Rd Pali« Typo Coll ), from 

Ljc. 23,080 (CJkM >, CIlppertoB fatand. 

no. 7 CoBNJ rkniN# nrrmirutatmt Lamarrlt. Length 84 7 mm, maxi* 
iiiimi diameirr 10..1 mm PlndotyiM, No 70R3 (Calif Acad, Het Palu^ 

(\>]1 ), from Loc. 83,001 (CAB.), CitpiicrtoD Inland 

fio. 8 Conns rOnrao vrrmiotUaius l^amarck I^rogth 23 8 mm , uiit 
mum diameter 11 inm Hcnlotypc No. 7007 (Oa)lf Arad Bel Pairo Type 
Coll), from Loo. 1244 (CAB, tL llenipbill), Inland of ManrlUna 

no tf Cjfpran ffilloi JouMcauuic Ijiugth 40 mm, mavim m diunieter 
81 mm. Plefuotype, No 7006 (Catif Acad ScL Paleo Type ColU), from Loc 
29,047 (CAB), nippciton lalaed 

Vio 10 C'nprtfo 0 tUei JuatMatne Length SB 3 mui., mailAum diam- 
ntrr 27A mm PlenlotyiM*, Nn. (l^Hf Acad. HrL Paleo Typo OolM, 
from fxK* 28,811 (4\A«B), Fanning laland Ted JVaaga collector 

Fui 11 C^pma mon^la LIurbob. ficngth 800 inm, mailmum diam- 
eter 88] inm Plcfftutype, No 7004 (ikiHA Acad. Hci Paleo Type Ooll»), 
fMm Loc 88,043 (('A H.), Hood lalaad, Ualapagna Inlands 

Fia 18 < tpraa moaitd Ltnnnm. length 27 i ran , maiimora dlam 

(•ter SO 4 dud Pkelutypa No 7003 (Calif Ac-a<l. Hcl Paleo Tyjie Ikill ), 
from IxM 87^107 (OjV.B.), Palawau, PIUUp|diui Jalindn. 

Flo 13 QwyttlC: HtodrfpnrarHm Bonrorby la^iigth 14.2 ram , maalmuni 
diameti^r 0 1 mm Plcaiotype, No 7072 ((^Uf Arad Hcl. Pain 1>pe Coll ), 
from Ixic 13,009 (CLAJt., U lUnijililU), Hilo, Hawaii 

Flo. 14 fMJrrpororaia ^werby Length 18,1 mm , maiimom 

diameter 10 mm Pleslotype, No 7073 (Cnllf Acad. Bci Paleo Tyiw Coll ), 
from Loc 12,318 (CAM, H. lleniphlll), Ibwalloii leUnda 

FlO IS Qiiojfnfa moiirrpnrtH'um Howeri^ Length 18 H mm , Dailmain 
diamotor BO mm. Plcaiotype, No. 7074 ((Jhllf Aead ScL I^eo Type Coll.), 
from Loo. 83,770 (C.A B.), Marin Madre laUnd, Tree Marlaa (Iroup, Meairu 
Flo 10. /irapa norai lianinrch. Length 10 0 mm., mailmuiD diameter 
14 8 nin Plealuiype, No 7008 (C^llf, Acad BcL Paleo, Tjrpe Coll ), from 
Tioc 89,080 (0A&), Cllpporton Tiland 

Fra 17 Untpa monm Loiuaroh Length 209 mm, madmom diameter 
13 1 Dim incilotypc, No. 7001 (Oalif Aead HrL Paleo Typo Coll ), fcon 
Loc 310 (CAB., n llnupblll), Tahiti 

Fiq is Caaiia dait< Hteanu, l^oaglh 72 mm., tnaalnniBn diameter 30 
mm. Plealotyiie, No. 7003 (GUlf, Acad. Scl Paleo. Tyjie ColL), from Loe 
27,570 (O.AH ), Jnanlto Iidand, Tree Marlaa tlreap, Medeo 

Fis, 19 CmuM tegiiU l^laaBoa, l^ongth 04.4 mm., madmum dlamvter 
88 BBL Pledotype, No. 7034 (Oalif. Aead. Bel. Palno Cbli.), from Ime 
27,980 (GA.B.), laland of Cuam. 

FI4 80 dapePo ipfrwaldaiia Brederlp Length 14A mm , inagimom 
diaineW 7 2 mm. Pkelotype, No. 7070 (Catif Aead. Rel Paleo. Type Colt ), 
from Lee. 87,288 (C.AJI.), Ooaway Bay, Indefatigable lalaad, OaUpagoa 
laUadi. 
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Vio. SL Awprlia an^tps LamAnk J^ragth Jfl.8 bo , nAAlnniB dlABi 
ftttr 74 Bn Pkilotype, No. 70ft9 (CaH 7 Arad BeL Palao Type OolL), fion 
Loe. 461 <C.A B., U HenpUll), Bamoo- 

Fio. n pfran^dolif Brod^p. Len0k 0.0 min , mulaaB dlnm 

otor mm, Plomot^pfi, No 7071 (CkUf Arad. Bni PnlM T/po OolL), from 
Lo& 87^84 (C.A.B.), Tiagolo TaagoU, Onnofa^ Healeo. 

Fre. 88 Jfttro miirA papalts LlonBu. Loofth 116 mm., miilnniB dlam- 
eUr 86 mm. Pletlotype, No 7068 (Onlll Arad BrL Paleo. Typo OolL)^ from 
Loa. 81,181 (OA.R.), Clippcrtoa lilnod. 
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FXAlfCOIS AlfDRB MICHADX, THS BOTAinST 
AHD SZPLORBR 

tODRIT H. TRDl 

Diractor al tlia Manit Arbaratmii, Fhiladalphi* 

(AMrf April /M7) 

AamucT 

Thu puwr ikatchri in oathne <b« rhlnf eveoti m the life of AmM Mloheiu 
end that of hu eon, the eufajert of the ikrteh Hu two bid mnildeted beouiee 
their work wee lo vet; thoroucUy uileitwuied 

The chief hutenlrel enplmlioni of Fran^ili Andid Mirheiu ale outhned, 
anil aometlilnf of the bolauoal areumpllihimt of both the father and Ihr 
•on etated 

The relation of the aon to the AiDenean Fhlloeophloal Hoeietv la pointed 
out, and the atory of the Hidiaun Memanal drove In Fairmount Park haa heen 
hrou^t up to data 

Thb pmon who finda himaelf railed upon to write on 
Michaux, the botanist and nplorer, may well find himself 
perplexed as to the course to be pursued There were two 
Michauxs, both eminent in our eariy history for their botanical 
aacompliahment and for their wide-ranging explorations. 
Father and son, they have left records of achievement that 
will make the name ever illustrious in the annals of American 
botany. 

Andr£ Michaux, the father, is the man who comes first 
to the mind of the botanist. His name was rendered memo- 
rable by his discovery and description of a host of plants that 
had not been brought to the attention of sdenee before his 
time. By virtue of close observation and by hie clear deecrip- 
lions of the new plants found, be u now credited with the 
disoovery of over three hundred speeiee of plante. 

I have looked throu^ the 7th edition of Asa Cray’s 
Manusl of Botany for plants credited to Michaux, aenlor, in 
an area bounded on the north by tbs 48tb parallel from the 
Gulf of St. Lawrmoe to Lake Superior and the intematioiud 

pioi'iiMsui OP TSB AHiuoair psauwopsioai. aoctsrr, 

«ou TS, Mb I, Bsann^ ISIT 


sis 
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boundary, thonce to the northwest eorner of Minnesota; on 
the west by the western boundary of Minnesota and north- 
western Iowa, then southward along the (Wth mendian, and 
on the south by I he southern boundanes of Kansas, Missouri, 
Kenturky and Virginia. This area was but part of the 
rountry traversed by him. He traveled from Hudson Hay to 
Florida, along the eastern side of the rontment, and penetrated 
westward to the Mississippi River 

Areredited to Andr^ Mirhaux m that portion of the coun- 
try seen by him and included in the narrower range of the 
Manual, I find 24 new genera of flowering plants. He 
discovered and first described 2tl3 species of flowering plants, 
of which 91 have since been referred to genera other than 
those to which Michaux assigned them, leaving 202 species 
unchanged in the present botanical record, in spite of over a 
century of the most critical study. The persistence of the 
name of Michaux in textbooks now in daily use is duo almoet 
entirely to the explorations, critical study and accurate 
description of material collected by the father, Andr^ 
Michaux 

His son, Frangois Andr^ Michaux, however, is the main 
subject of my sketch, although their bves and work were cloeely 
interwoven untd the death of the father. 

Andr£ Alichaux, like his son, Francois Andr^ Michaux, 
was bom on a royal estate at Satory, near Versailles, Frgitce. 
The Michauxs for generations had been in oharge of this 
estate. Andx^, pire, with whom our interest begins, was 
bom here in 1746, and grew up on the estate under bis father’s 
instmetion Hu marriage in 1769 to Cecil Clays, the daugh- 
ter of a wealthy farmer, was followed after eleven months by 
her death, leaving Andr4 with the infant son. It Is said that 
as a relief to despondency be turned to an inti\paive study of 
botany under the eminent French botanist, Bernard de 
Jussieu. This brought him nearer to the Royal Gardens of 
Paris. He soon began actively to collect plants, vimtlng 
England, Auvergne and the Pyrenees. A diplomatie appoint- 
ment took him to Persia and Mesopotamia, where he collected 



FRANCOIS ANDRK MICllAl’X 315 

Heeds and plants for introduction into France. After three 
years in the Near East (17A2 to 1785), Andr6 returned to 
hVancc, and was immediately sent by the (lovemment to 
North Amenra, then Lttle known to sclenec, to study the 
forest trees, with the object m view of introducing into France 
such species as might prove useful in naval and other con- 
struction work. 

On October 1, 178.5, Andrd Michaux, his fifteen-ycar-old 
Hon, FraDQois Aiidr6, and a practical gardener, I’aul Raulnier, 
landed in New York, and proceeded to eetabhbh a nursery 
near Hackensack, New Jersey, in which American trees were 
to be grown for Hhipment to France The interest in applied 
science at that time centered in Tlambouillct, and to the 
Rambouillet nursenea Andrd Michaux's trees, to the num- 
ber of 60,000, were sent. After a year and a half spent in 
botanical explorations and in establishing the northern 
nursery near New York, father and son went to C'harleston, 
.South Carolina, leaving iilaulnier in charge of the first nursery 
The year 1787 saw the purchase of 220 acres of land about 
ten miles from ('harleston, on which a second nursery was to 
be devclopod, and on which trees of more southern origin were 
to be grown for shipment from the port of Charleston. 

In the year 1787, exploring expeditions were made into 
Flonda and to the Bahamas, also a strenuous excursion up 
the Savannah River to the head waters, over the Appalachians 
into the Tenneesoe Valley and then the return to Charleston. 
A visit was paid to the northern nursery in I hat busy year. 

The son was retained at Charleston, probably much of 
the summer, ather because of ill health or to manage the new 
nursery in his father's absence. His troubles were increased 
m 1789 when he was shot by a compamon hunter, the pro- 
jectile injuring his left eye. This accident seems to have been 
much above the horison during the year and longer. 

Troubles at home in France began to interfere with plans 
in America. Remittanoes ceased, the faraway scientists were 
out of sight, and much trouble was near at hand. Mlcbaux, 
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ptre, advanced what money he could to continue the work, 
and pledged his property in France to secure loans. 

Early in 17G0, FYan^ois, by this time a grown-up young 
man of twenty yeare, returned to France, now in a state of 
revolution. He espoused the popular cause, although the 
family had for generations been cloeely attached to the Royal 
interests, and his own childhood had been spent on a part of 
the Royal domain Perhaps his course of action was some- 
what influenced by what he saw in the nurseries at Ram- 
bouillet. He found there but a few of the trees that his father 
had striven so earnestly to secure for France. Half the total 
number had been given by the Queen to her imperial father 
in Austria, others had been given to members of the Ckiurt to 
embellish their pnvate estates, and those that remained in 
the Royal Nimenes had been shamefully neglected. 

Francois seems to have spent several succeeding yean in 
the study of medicine, with the plan in mind of returning to 
Amenca to practice This plan was given up, however, when 
in 1796 his resources were eihausted After yean of strenu- 
ous exploration following his son’s return to France, Andr6 
too sought the homeland. He sailed from Charleston in 
August, with the botanical materials and reoords that have 
made his name imperishable in the annals of American 
botanical science, but he was financially exhausted. 

To add to hia troubles, his boat was wrecked off the coast 
of Holland. He was rescued after floating on a board to 
which he had been tied, and in time much of his water-soaked 
botanical material also was rescued and dried out. Unfortu- 
nately, packagee of priceless notes and records were lost, 
leaving gaps in the story of his strenuous life In the New 
World. He arrived in Paris after a time, where be was most 
favorably received, but the government was not interested in 
his idans for further explorations. 

With the help of Francois, the year 1796 and several 
following years were devoted to the cultivation of the material 
from Arnica, and in the preparation for publication of his 
Juxurioasly illustrated volume on the North Ammican Oaks 



FRANCIS ANDa£ MICHAIIX 317 

and his Toliimes of the ** Flora Borea'i-Amtneana " These 
publications set up a landmark in Amencan botanical history. 

Andr6, still strenuous tot the bright reward of addition^ 
scientific knowledge, throng ministere and through the 
Central Society of Agriculture, tried to penuade Napoleon, 
then First Coninil of the French Republic, to authorise further 
explorations m remote lands. Only after great effort was 
Andr^ appointed naturalist in a eclentiflo exploration to 
Austrolum seas, under the oommand of Captain Baudin, it 
being agreed that Michaux should be pemutted to remain at 
the Isle de France if he desired. After the freedom the un- 
controlled explorer had enjoyed m his American years, be was 
disgusted with the haughty and discourteous mannen of 
Captain Baudin toward the scientists associated with the 
expedition, and abandoned his commisaion at Mauritius. 
After SIX months, he decided that Madagascar offered a better 
chance to accomplish something for France and for Science, 
and set about establishing a nursery at Tametave for trees 
and other planto. He died there of fever in December, 1803. 

Francis, now arrived at vigorous young manhood, sharing 
his father’s objectives and feding strongly as Andr6 had done 
that there was still much unfinished business in America, and 
relying on his experiences and acquaintanceships there, 
solicited a commission to resume work in the Unit^ States. 
De Cluqita], the Minister of the Interior, dissatisfied with the 
course of things in the nurseries still lingering near New York 
and near Charleston, gave Francois charge of them, with 
orders to ship to frimee such trees as still remained in them 
and to sell the land. 

He set out on October 10, 1801, from Bordeaux for Charles- 
ton m the same boat, in charge of the same captain that had 
brought him home to France yeare before. 

Thus, a rather remorkaUe thing was happening, the father 
who had rendered bis name and that of France illustrioue 
in the history of botany, was denied the opportunity to re- 
turn to continue this work, beiog rather eent to hia death in 
M a daga scan wilds, iriiile his son, with whom he had begun 
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Bcientifip work In Aniprira, was Mut back to carry on hia 
father’s work. As one sailed eastward in the naval vessel, 
the other took fanuliar passage to the west 

Francis arrived at ('harleston on October S, 1801, and 
spent much of the winter shipping stock from the C'harleston 
nursery Ho also visited Paul Saulruer, left in charge of the 
Hackensack nursery near New York. Kaulnier, as a matter of 
fact, spent the rest of his life at this place, content to believe 
that ho was stiU serving his master " Le Rni ” He is said to 
have introduced (he Iximbardy )iopIar into America. If so, it 
remains n living reminder of that rare thing, a soul content to 
remain faithful over a few things 

Francois had accompanied his father on many long, 
wearisome and exciting journeys Now he was to plan his 
own course and to travel much He began botaniiing in New 
Jersey and along the Hudson River He discovered new oaks 
and hickories and sent the seeds to France. Ho did something 
that his father had done bttle of, in that he gave minute 
attention to the useful properties of the trees that bis father 
was content to desenbe oecurately and to name scienti/lrBlly 
He studied especially the oaks with tall trunks, good wood, 
and, in some casos, barks useful for tanning or dyeing. The 
lofty trunks rharacteristic of the Amencan trees were greatly 
lacking in France. Of the forest trees of France, only 36 
lands reached a height of 30 feet Of this number, 18 made 
up the bulk of the forests, and only 7 lands were bifddy useful 
for civil and naval architecture. Among the American forest 
trees, 140 specie reached the height required and many sorts 
offered the desircsl kinds of utility. 

In June, 1802, he vimted Philadelphia, meeting among 
others Colhn, B. B. Barton, Vaughan, Peale and William 
Bartram. He is said to have enjo>^ Bartram’s Givden and 
William Hamilton’s “Woodlands,” 

Having a few months at his disposal, be decided to go to 
Kentucky and Tennessee, regions that hod won such high 
praise from his father He set out on June 27, 1802, on his 
‘ long journey. Going by way of Lancaster, Columbia, York, 
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Carlulo and Rhippeiuabufft, he oroeeed the Allegheniee, amving 
in Pittsburgh in ten days, having traveled by stage, horseback 
and on foot. On July 14th, he set out for Wheebng, where he 
bought a canoe in which he descended the Ohio River in 
company with an American officer named (’raff On July 
17th he was at Marietta, and on July 24th ho landed at 
Limestone (probably now Mayaville) in Mason C’ounty, 
Kentucky. From here he walked alone to Lexington, arriving 
there on August lOth. Ho continued on to Nashville, where 
he spent four weeks collecting in the vicinity or along the 
banks of the C’umberland River 

Ilia return trip was to lake him to Charleston Starting 
on September 5, 1802, he entered upon a more interesting 
route than that followed in going westward. Fort Blunt, West 
Point and Knoxville, Falls of Roaring River and Jonesboro, In 
Tennessee, brought him to the mountains on the North 
Carolina boundary bne. Soon he reached the farm of old 
Davenport, who had guided his father in thnee mountains in 
former years. He continued on by way of Morgantown, 
Winnsboro and Columbus, ffnally reaching (Tiarleston, South 
Carohna, after a journey of 1800 miles, made in three and a 
half months. Thu tnp furnished matenal for a book Voyage 
d I’Oueel dee Afonles Allegheny, published m 1804, and trans- 
lated into English soon after. In thu work one has an ac- 
count not only of the vegetation, but comments on the 
conditions and methods of agriculture, on the nature of the 
soils, particular plant products, and the commercial relations 
between these backwoods regions and the seaboard cities 
On March 1, 1803, he sailed for France, landing at Bor- 
deaux on March 26th. On going to Paris he found the publi- 
cation of hia father’s volume on the oaks delayed. Althouj^ 
the text had been printed in 1801, the plates were still lacking. 
He also attended to the publication of his father’s great 
"Flora BonaH-Amerieana" He associated the botamst, 
Claude Richard, with the work in a literary capacity. Mi- 
ebaux’s efforts at this period also resulted in the publication 
in 1804 of his own "Voyage," 
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While in Franco, he took occaaion to urge the planting 
of trees especially suitable to areas of that country lacking 
good native sorts. A communication to the Central Agri- 
cultural Society of France called attention to the magnificent 
timber trees found in the swampy lands of parts of America, 
and contrasted the willow oak, white cedar and cypress trees 
with the short, scrubby growth found in the wet lands of 
France. Sandy areas of Amenca with the hve oak so highly 
valued in naval construction were contrasted with unproduc- 
tive sands of France. His communication in 1805 on the 
desirability of naturalization of forest trees of North America 
was warmly supported in a report to the Central Society of 
Agriculture by a committee consisling of De Pertuis, Cela and 
Correa de Serra, a member of this Society, at one time 
Portugeae minister to the United States and temporarily at 
the head of the Department of Botany at the University 
following the death of Benj^nin 8. Barton. The plan 
proposed that a naturalist be sent to the Umted States to 
collect seeds and young trees of desirable sorts, to be sent to 
the national nurseries of France. The minister of finance, 
Duke de Gaete, favored the project, and Francois Michanx 
was entrusted with the responsibility of trying again to bring 
American trees to France. 

He sailed from Bordeaux to Charleston on February 6, 
1606, but after three days at sea, his boat was picked up by 
the British man-of-war "Leander" and Miofaaux was taken 
on board. After forty-three days sfioat, he was landed on the 
Bermuda Islands, where he was allowed to go ashore. This 
detour in his route gave him a chance to study new plants 
and new scenes. These he described in a report "Notice 
tur let leles Bermwkt” He was finally released and per- 
mitted to resume his journey. He was again In the United 
States near the end of May. 

Now began a series of explorations covering much of the 
. Eastern United States. Starting in the District of Maine, 
he traveraed the states of Uu Atlantic coast as far south as 
(leorgia, covering a distaaoe of 1800 miles in this sunray from 



rRAMCOia ANDRK MTCHAUX 


321 


northeast to southwest. Along the coast he visited shipyards 
to see the timbers and methods usod in American ship con- 
struction. He talked less with botanista and other scientisls 
and more with artisans, and sought to meet the most skillful 
workmen in wood. He made five explorations into the 
interior. 

He penetrated Mame along the Kennebec and the Sandy 
Rivers, perhaps to the Rangetcy Lakes. He crossed New 
Hampshire and Vermont, going from Boston to Lake Cham- 
piain. Farther south he traversed the present state of New 
York from the city of that name to Lakes Ene and Ontario 
Proceeding from Philadelphia, he reached the Monongahela, 
Allegheny and Ohio Rivera, and again following a route that 
must have been better known to him from his earlier travel, 
he went from Charleston to the sources of the Savannah and 
Oconee Rivers. In theae journeys into the interior, he studied 
the trees making up the bulk of the forests, with special 
reference to the nature and usee of their woods, their com- 
mercial values in the exchanges between the states and in 
their relation to demands for exportation. Barks used in 
tanning, qualities and prices of woods, values for fuel, cabmet 
work and otherwise, were objects of his inquiry. A complete 
collection of polished specimens of different woods was made. 

He remained in America about three years on this quest, 
making many new acquaintances among the prominent men 
of the day, Muhlenberg, William Hamilton, Barton, Hosack 
and Alexander ’V^lson being among the number. This may 
have aided in bringing about American recogmtion. 

On April 14, 1809, Miohaux was made an honorary member 
of the nulodelphia Society for Promoting Agriculture, a 
Society organised in 1785 to advance agricultural interests. 
The membership of this Society overlapped that of the Ameri- 
can Philosophic Society in many instances, and for years 
the two organiiationB met in the samw rooms. In the mlnntiM 
of the meeting of the Philadelphia Society for Promoting 
Agricultuto, held on January 10, 1800, Dr. James Maaae, of 
Phiiadelphla, a member of this Society, propomd the name of 
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M Andr^ Michaux, of Pans, as an honorary member, hu 
elertion following at the meeting held on February 14th of the 
samo year Although he later lived near Paris, his interest 
in the afToira of the Mooiety continued Repeated references 
to communications received from him, pamphlets, books, and 
other publinations, now on the shelves of the fkiciely’s library, 
offer substantial evidence of this iulerest. 

On April 21st, of the same year, Michaux was elected to 
membership in the American Plulosophical Hocicty, an honor 
highly esteemed during the rest of his hfe. The Michaux 
Fund gives eloquent testimony on this point. 

He now returned to France, presented himself to the 
Central Society for Agriculture that had sponsored his enter- 
prise, and reported what he had done. The results of his 
efforts in Amenca had been reaching France in shipments 
from time to time in the form of seeds and young trees In 
this effort he had better success than his father. From the 
seeds sent over by the son, about 250,000 trees were obtained. 

A committee was appointed with Corra do derra as 
chairman to repiort to the Central Socjety on bis effort. The 
report was most flattenng. Michaux was complimented on 
the faithful execution of his trust, wd a vote of thanks was 
passed in recognition of the important service rendered. 
With his great task of travel and physical hardship in a new 
and untamed world successfully accomplished and appreciated 
by hiB sponsors, Michaux, now about forty yean old, still 
had long yean before him in which to aid throu|^ efforts in 
France to bring to the homeland the sidid reeult toward 
which the efforts eff both his father and himself had been 
directed 

For two years following his return to France, be Was 
busy in secunng the publication of his great w,ork “Hiatoin 
dee Arbrea Foreahera de I’AnUrique du Nord." Volume I 
appeared in 1810, volume II in 1812, and the third volume 
in 1813. The text was illustrated with 144 copper plates, 
designed by the eminent French artbts, the R^ut^. In 
.1817, an English translation in four volumes by Augustus L. 
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HiUhouso WM publishod in Paris under the title of “Nvrih 
Amenean Sylva.” William Maclure bought the plates in 
Paris and brought them to the United States Amenran 
editions followed, the first brought out in New Harmony, 
Indiana, in 1842, a second appeared in 1852 in Philadelphia 
with notes by J. J. Smith, 

After the appearance of his great work, Miehaux devoted 
his attention to the cultivation and propagation of trees for 
public use in France, The Central Society of Agriculture 
still supported him by entrusting the use of a large estate to 
his care for experimental purposes. On his own country 
place near Pontoise and on the extensive lands of M Uela- 
marre, he carried on work of this character until his death 
After a strenuous young manhood, the quieter hfe of the 
experimentalist must have had its rewords He had the 
time and opportunity to carry to a successful conclusion the 
projects that had sent him to the wilds He continued to 
take a special interest in the use of the so-called "heaths,'’ 
of which France had at that time two million unproductive 
acres. As a result of forty years of experiment ation by 
Miehaux and the Central Agncultural Society, it was shown 
that these lands could be improved and used productively 
by the growing of "certain resinous trees," undoubtedly 
pines. This seems to be indicated by him in a letter wntten 
in 1852 to Isaac Lea, then President of the American Philo- 
sophical Society, in which he mentioned the Russian pine 
(Piniu tylve^rU), known to us as the Scotch pine. He 
recommended this tree for special consideration In the 
northern and middle states of thin country. It may seem 
somewhat strange that one who had studied the trees of this 
country and the conditions prevailing here, as Miehaux had 
done, should have found any considerable use for this inferior 
species in the regions named. 

In his letter to Isaac Leo, just referred to, written at the 
ripe old age of 82 yean, he Ranees over the past. Speaking 
of his Sylta, he says : " Tlie science of botany was the principal 
object of my father’s explorations in North Amenca and the 
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‘FLra Boreal^-Americana' wu the result of these explora- 
tions. As for me, I took another view of the vegetable 
kingdom whilst in our country — a view more hmited and leas 
scientific, it is true, but perhaps more generally profitable to 
the farmer and the landholder, as well as to that class of 
society, so numerous in the Northern i^tates of the Union, 
who employ wood in so many different wa 3 rs. I do not 
consider my Sybn Ammeana as complete as it might be; 
thus, for instance, I have omitted several species which grow 
in lower Louisiana and in the two hlondas. In the second 
place, I have described and figured some trees that are 
definent in the flowera and in the fruits. Had circumstances 
permitted, I would have returned to the United States, and, 
in a new edition, have corrected the errors and filled up the 
omissions. I would thus have been able to present to the 
American nation a work worthy of her great name, but now 
that I have amved at a very advanced age — ^nearly 83 years 
— 1 can do nothing in this respect other than to express my 
regrets and the hope that some native arbonculturist may com- 
plete my researches on the plan which 1 have adopted. The 
publication of such a work would be attended with much 
benefit to the country, and afford particular honor to him 
who would undertake it." 

Although bs would be hardly called an arboriculturist, 
an En^iish-born botanist, who also attained soientifie fame 
m America, may have come in answer to Michaux's prayer. 
Thomas NuttsU, a botanical disciple of Benjamin 8 Barton, 
of the Botanical Department of the University of Pennsyl- 
vania, later himself professor of botany at Harvard Uni- 
versity, brought out a book in three volumee dealing with 
about 120 bnds of treee, mainly from the far weet, a region 
not visited by Miebaux. The two works supplpmented each 
other in the way that Michaux had hoped, and the set of vol- 
umes makes a very Important contribution to our knowl- 
edge of the foreets of the United Statee a hundred and 
twenty-five years ago. 

, Michaux’s interest in America dealt principally with trees, 
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but he concerned himself with other matters also. He 
happened to be planning a trip along the Hudson River in 
1807, and hearing that a steamboat was to make its trial 
trip soon, found his interest aroused. He was pleased that 
he and another Frenchman were passengers when Fulton 
made the first tnal trip of the “Clermont.” That they were 
the only passengers may also have added to his satisfaction. 

Not long before his death (1862), he added his contribution 
to the bulky literature that grew out of the temble yellow 
fever epidemic that visited Philadelphia (in 1821) under the 
title of " Causes of Yettovi Feeer in Ihe United Statee.’’ 

Michaux's life as a bachelor ended in a rather sudden 
decision at an advanced age to marry his housekeeper, a 
remote relative who had long managed his household. Elias 
Durand, a Frenchman residing for a time in America, who 
had known Michaux in his later years, and who had aided 
him by collecting and forwarding American tree seeds to 
France, writes in his account of Michaux, published m the 
Traneacliona of the American PhiioBophical Society m 1890, 
that he was earned off with frightful suddenness by a stroke 
of apoplexy on the 23rd of October, 1866, “after a busy day 
among his Amencan trees.” 

He was in comfortable financial circumstances, and 
deposited a will with Isaac Lea four years before his demise, 
providing for the now well-known Michaux Fund, to be used 
by the American Phllosophicid Boclety after his wife's future 
had been provided for. 

After the death of this lady, the fund was used in part 
for the creation of a monument to the generous donor, and 
this monument still exists os the Michaux Memonal Grove 
of oaks in Foirmount Park. This grove was planted near 
Horticultural Hall at the opening of the Centenniat Exhibition 
in 1876, when Foirmount Park was in the earliest stage of its 
formation. The Chairman of the Committee on Trees and 
Nurseries in the Fahrmount Park Commission, Mr. Eli Kirk 
Price, who was also ohoinnan of the Committee on the 
Mirhmix Fund in this Somety, reported to the Society on 
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June 10, 1876, that "he had visited today the Fairmount 
Park nursery and found the ground well taken care of, and 
the large stork of trees m a flourishing condition. Of the 
acorns planted last winter, nearly all have grown except those 
of the ‘ Bertram Oak,’ and of the fifty or sixty of those planted 
not one has grown So far the proof is in favor of that oak 
being a hybrid." 

It seemed to me a matter of interest at this time to see 
what has happened to this Grove in the sixty or more years 
since it was established 

Accordingly, the area indicated to lie that occupied by 
the Grove on a map of the Park prepared for the C'entemiial 
Kxhibition of 1870, shown us by Mr 8. N. Baxter, the present 
Arboriculturist of the Commission, was vimted and the ages 
of a number of trees now present determined by the use of an 
increment borer Mr. R. O Forbee and hu assistant, Mr. 
0. M. Wood, both of the Allegheny Forest Experiment 
Rtation, made the tost, on trees selected by Mr. Baxter as 
representative specimens. Out of 7 tested, 0 showed an age 
estimated to be 60 years. Those trees undoubtedly belong 
to the Michaux Grove. From this examination it seeniB 
clear that the Memorial Grove is stfll in large part made up 
of the oaks reported on by Mr. Price m 1870 and, judging 
from the uniformity of the Grove, relatively few of the 
ongmol trees have had to be replaced. 

Michaux Avenue now passes through the Grove and 
presents one of the most beautiful spots in the Park. Thus, 
the liimg memonals of these fnends of trees are still in their 
prime, and, if spared by weather, disease and other hostile 
influences, should delight generations still to come before old 
ago in the end brings them down. 

In closing this sketch, I will take the liberty of making 
some suggestions regarding ways in which the Society may 
continue to carry out the will of the donor, and at the same 
time advance the significance of the organisation. 

Michaux was an ardent advocate of a public policy of 
support for the scientific study of wild plant Ufe. He studied 
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it with equal interest with reforenre to human utility. Prob- 
ably influenred to a considerable extent by the needs of 
France at that time, his special efforts were centered on trees 
in nature and under cultivation Something perhaps re- 
mains in the forests of France of the trees introduced by the 
Miebauxs How much they actually did for their country in 
thin respect I do not know. For us and for the rest of the 
world, their greatest accomplishment is seen m the writings 
they have left. With the world changing as rapidly as it is, 
authentic records of the past should be sought out and held 
with great care by repositories like this Society. Hence, 
accounts of explorations and records of earlier days in the 
fields and forests are basic material As the scene changes, 
succeeding accounts will continue the story 

For example, the question of soJ conservation, a very 
old one and now much in the public mind, is presenting itself 
as a senes of problems in agnculture, forestry, wild life 
preservation and human welfare in all of their many aspects. 
Old records tell of nature and of early human life. We 
should have those early records. The story should be con- 
tinued by the important writinipi of later days. Thus, the 
early cont ributions of the Mirhauxs, father and son, remaining 
in our Ubrary, bocomo a prireless potwcssion as the record 
continues to unfold. 

Memorial trees in time die and their plaees aro forgotten 
The practical accomplishment of the past must be sought in 
books and other lasting sources of information. Exploration, 
forestry, botany, plant introduction and plant utilisation, the 
problem of the eoil that supports all life, are subjects that 
may fittingly claim the earnest attention of the Society in 
building up and preserving its collection of records. Utility 
may be immediate. Certainly there will be a priceless value 
for the future if civilisation persists and present ideas of 
worth continue to be held. 




NEOUTHIC sites Ilf THE TUQOSLAVIAIf PORTIOH OF 
THE LOWER DARUBIAir VALLET 

vladhioi j rwkbs * 

TMraciori AnuHoan Expedition to Yu^nJavlii 
{Read (« bUf, AprU t4, 1936) 

AenatcT 

Tbe YunoaLivlu portno of tbe lower Duiuhutn Vellov ii adjacent to the 
■oiith Hide of tbe fiver fimn tbe Iron Gate to the mouth of Iho Timok Recent 
fiold reonnsoKemii In thia area mulled to the recording of frreh data on a nnira 
ofalleB. Among them an: five cxtemlve net tlcmeela with rieh Ncnllthiedepaeiti 
And It Hormi likely that aoina of the oUior aitee, all, thua far, rcveellng only later 
dopoeita will, on excavation, dlarloae NenUthlo oeoupatmn ai well The Xi^ilhle 
material remaloa from tbcec aitca oumpiiae vaiietlea qidte rharmcterlatlr of tbe 
weitern half of the lower Danulilan Valley at large They nmtain, among other 
thinjp, the Ifarhotloo daea of lottery which hta a wide iHalnbuImn in the Dan- 
uMan area TUi pottery pruvidee a very iiaeful mrana for mmiiaralivc atudaw 
and chronological reoonatnietlone, aa It la partieularly rharaetrmtir, locally, of 
Iba Initial NeuUlble uomipalwn Tcrhnologirallyi llw Itarholmo ware la a well 
diatlngulahed claaa (Hm Appendix deala with mime qualltallvc aapeeta of a 
aainple aorwa hum Rtarievn ) While the obaorvationa Ihua far gatheird in the 
field and bi the laboratory are quite auapotive, no definite ronHuavnia regarding 
the Neolithic culture hlatory of the area can be drawn uni il adequate excavationa 
are made Although the data thua far gathered have only a pruvlaiunal value, 
It li obvlouB that eertaln dependalde leadn ran now be followed The Yugoalavlan 
portion of tbe lower I^uhlan Valley olfera npleodid opportunities for amham- 
loglcal field work. Tiie Neolithic altes, although daina^ bv Danuldan etoaiaa, 
are lapeelally attraoUve In thIa regard since IImy seem to lie potential aourrea 
of highly dedrahle data 

Tbs Yugofilavlan portion of the lower Danubian valley ia 
confined to the right bank of the Danube between the Iron 
Gate ‘ and the mouth of the Timok.' Ita interior extent la 

* With aa Appendix by Donald Horton, entltlad "Note on a mlrraaooplo 
study of a sainpla group of harbotlne dierds witb potiUve applique from 'Gr^' 
fitariero” 

' QsOtsetooisal^, tho Iron Gate Is idmtUled by tbe approxlniately 130 km 
bog deft whleh Iba Danube faUowa In ita pamage timugh Ine Balkao-Carpatbian 
mountain syitam, Cvijifi, 1008, pp 1 B, 

■ The conrapiaiiliig coutas of tk Danube provldsa a part of tbe boundary 
batwsen Yngodavta and Rounmniai tba Wanda la this sedlon of the river belong 
to RoobaoIl 

noemvM OP na AumtoAn mumanucAL aocian, 

TOU ri, M. I, moUBB, 1M7 330 
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defined by the Miro^, Veliki Grebeo, end Deli Jovsn ranges 
in the west, by the foothills of the SvrijiSka PUnins in the 
south, and by the Yugoelavian-Bulganan boundary line in the 
southeast. Hiis boundary joins the right bank of the Timok 
at a point approximately 3 km. above the estuary and com- 
cides with the river thereafter. 

At the present time the prehistory of this area is very 
unevenly and indeed inrompletely understood. Hystematio 
excavations have not been attempted yet and reconnoitering 
pfTorts have been concentrated chiefly along the Danube. 
Although certain stray Ande as well as several sites have been 
recorded deep in the interior, our knowledge of prehistoric 
conditions aside from the bank of the Danube is decidedly 
inadequate. Yet it is quite apparent that as early as the 
Neolithic Age, some of even the most outlying distncts were 
reached. For this reason it is imperative to deal with the 
region as a whole, despite the cu^iurastance that the bulk of 
positive occupational evidence is concentrated in the mi> 
mediate riparian lone of the Danube. It is posaibie, of 
course, that some of the advantages proffered by the river may 
well have been a discriminating factor in this respect especially 
during the initial implantation of Neolithic economy. Never* 
theless, an early penetraticm inland is supported by distribu- 
tional factors which clearly reflect genetic aflinities with the 
cultural status common to the river loci. 

From the eastern edge of the Iron Gate to the mouth of 
the Timok, the Danube pursues an imdulating course with 
intermittent straight stretches, and its channel shifts fre- 
quently. The banks are subject to seasonal inundation and 
there is considerable erodon which often changes their 
contours. Ice flows and atmospheric weathering also cause 
pronounced damage. Owing to these actions, sites in vulner- 
able locations are now more or lees expoaed and vertical 
profiles of their deposits are thereby brought to view. The 
task of finding archaeological stations is then conveniently 
facilitated and simplified. The bank varies in height from 
;dace to place. A minimum (ff 1 m. or even less is to be 
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found between the villages of Koetol and Mala Vrbica, and 
thin is true of only a short distance, for the bank attains a 
much greater hei^t as either of the two communities are 
approached. At Korbovo, Brta Palanka, and Velesnica, the 
average Is approximately 3 m. to 4 m. While at Prahovo and 
Radujevao a maximum of 12 m. to 16 m, is reached. In the 
last named instance, dunes are present and add to the normal 
height of the bank. At the mouth of the Timok the Danubian 
bank is 2.6 ol to 3 m. high. The repeatedly active water and 
loe erosion finds little resistance in the composition of the 
banks, which consists of sand, gravel, Icess (probably rather 
altered loess), and humus. Cvljid identified this formation as 
the last (i e. contemporary) or seventh Danubian terrace in 
the lower valley of that river.' At low state of water, a shelf of 
packed sand and gravel, varying in width from a few centi- 
meters to as much as 100 m , extends on an inclined plane (in 
the manner of a beach) from the base of the bank to the edge 
of the stream. (PI. VIII. 1-A —However, this "flood plain” 
does not confine the high water of the Danube which, in 
floods, overflows the banka as well.) In places rontainiiig 
archsological deposits embedded in the terrace (i.e. the 
immediate bank, the seventh terrace), the surface of the 
shelf is usually strewn with dislodged cultural remains.' 
These peculiar circumstances, apalling as they certainly are, 
nevertheless aid an archiei^ogical survey.' The exposed 

>Crl]t),ie 08 ,p.lS. 

' Hm dsUtn Hsm to b« toriuiliiUd with bcstloof of iltei uid oftm 
pnMM U veliwlilo nUa VuuUUim, e^esialljr m Roman rulni, u not unoominan, 
■ml nertnin ■miHmt of ■dsattrs noileotlas lor aoinaiercial purp"*» lilunrlie 
on resord. At tlaies **‘*'**^ oddltlM ue nSnad for nle, wofa u, for uunpla, 
t to* with hiolnd drfilotloD of, pnnmaUf, Tnjan’t Dunibe btid(«, wid to have 
beat found “In dtealBe'' new Ibe reDtelnsof title iltueture below tbo viDafe of 
Kaetd (IniMHiileSeiitsiiduieevenideUilftiileportnydeloeelrspiOTMlMi 
the fietk eiesuted upon ■ fnesiaeiii of e eepitd, elMfedly “dleeavend" le the 
leme locality, end publlebed by VtM, 1007a.) In lay panonal exparianoae 
I have found the oatlvee moet obUflns In landeTtei ui^ tatfonmiuon ud 

CUldftIMB, 

'IV pnhiatorie iHee are ohenoterieed by a bval eiirlaoe pbot whiob, 
unlea dliturbed by eublvailoa or other ertiSiilal Ineiinlooe, does not neoaearilr 
■UedoM tha pnamee of ardaolpgical depoalla. However, the Romeo mini, 
which eia eepecUty n m neroo e In tide ntfon, an uetmUy dlitlii|ulibafale by a 
tnoundwliapad soanaoUiloa lunBauntlns their mecoBry neiiiiia The mskm of 
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aectioiuj are particulariy useful in examininit structural fea- 
tures and stratigraphic data. It thus becomes plausible to 
pursue there a speedy in\estigatioQ for the purpose of a 
general oncntalion With the valuable evidence in ntu so 
abundantly at hand, the scattered material assumes a much 
greater significance than might be the case m a strictly surface- 
collecting survey. In i-ertain instances the exposed deposits 
can be followed uninterruptedly for a distance of several 
hundred meters. Various details of teclonical features and a 
truly remarkable amount of cultural material (especially 
sherds) ore m view at. most of the sites. Under such circum- 
stances correlation of stray finds with reliable depositional 
evidence is frequently attainable. It is obvious, of course, 
that even these conditions do not diminish the necessarily 
superficial nature of the resulting impressions. Only system- 
atic excavations, conducted on a large scale, can lead to 
conclusive interpretations and deductions. Until that is done 
no more than a provisional description can be presented. It 
now becomes my task to attempt such a desenpUon and I do 
so in full cogmtauce of the many inevitable shortcomings. 

The initial archeological survey concerned pnmarily 
with the prehistory of the area under discussion was under- 
taken by Professor VaB]6 in 1007.' He then collected various 
matenal in ten locohties situated on the bank of the Danube * 
between Kladovo and lladujevao* and summarily ascribed 
the total to "lAe /ron .dpe." * Having found mostly pottery 
analogous with that from ‘‘^uto Brdo,"' Vasi^, despite 

rrrUnfular nabuikmaDt-mcloMirei, aub with an ouUlde awot, putleulariy 
frequrnt in t.bc neiabboihaad uf NesoUn, and loTBrjahly nOed mdirw (Lii 
tHilmrh), UT unnuitakalily ideaUflil^ by tbolr well preserral fwtunt. Tbasa 
earth worlu, ofim ererted upon snciait utea are uuqiwstlooshbr qulU noent 
In origin. 

> Vulf, 1910, pp ;i S 

■ NIneof tbeuliedlroellyon thebsnkof thaDimibe, saS one, te "Feulr," 
KIndovo, on the bnnk of nn old, now dry (yet eeMonaUy Boodad) nrm of Ito 
mer, op ril , pp A B. 

•Op nt , end Fl 1 (mnp) 

* Ibid., pp 1 B 

■ A ilte pravlouely explored by VaelA (ISOT, pp. 1 fl ) nitd ralegntad by him 
to the Iron Age TUs Interpretntkm, however, li not la igreeimt wttb tha 
cultund paailhiii of the eita whleh fnlle within the Bronu Age pnpnr (of, Honroee, 
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several ezampIeB of clearly Neolithic ceramics and alone 
artifacts,' did not recognise or allow the existence of thia 
earlier period in any of the ten sites. Rather ho attributed 
the older (i.e. Neolithic) elements to survivals persisting in 
considerably later contexts (i e the misconceived Iron Age).' 

More recent recounoitering in the same region has estab- 
lished fresh evidence of Neolithic occupation. This consists of 
the following (1) In situ deposits of settlements revealing 
abundant material and valuable structural features, parti- 
cularly profiles of dwelling pita as well as of floors (3) 
Recondanly placed material found in the immediate vicinity 
of such deposits and fully correlated therewith (3) Secon- 
darily placed material found in locahtioa which, as far as has 
been possible to ascertain by examination of their exposed 
profiles, do not reveal correspondingly datable deposits. (4) 
•Stray material, obtained from private hands, and said to 
have been found in deposits in which Neolithic occupation is 
indubitably proved Moreover, additional data on later 
periods have also been secured. Among these are sherd 
collections duplicatmg Vani’s finds of 1907,' i e. Hronze Age 
material, a few examples suggestive of La T^ne pottery, 
numerous Roman antiquities, and Early Rlavic (medieval) 
sherds, as well as sundry details regarding the nature and 
structure of such later deposits. It e the purpose of this 
writing to Bummanie those findings which pertain to the 

IMS, pp 408 Mid 410, Prmni, 1922, p 9S, sod Chlltlc, 1929, pp 2SS ff ) HImt 
larly, matarlml from tlm Ira ultra ImIov I he Iron OaU, UlnM by VuU (ibid ) 
ka "at the ‘2uto Brdn' type,” reprramt larfely the Broue Ace Hmranr, 
than are kbo nrloln onmleMtble laetaoera of NeuliUik nmalna not » o |reg s tcd 
u mich by Vnl4, 

■ cr VuW, 1910, PI*. VII 8S, SB; VIII SS, 67; IX 73, 77; XI. 91, 96. 

■Cl VuW, rhd., p. 12, •irhere the reference to "Qn^c," near la^ekovnc 
(Viul, 1911, pp. 97 n), in*kw the cMe rlrar The efromoua IntetpieUillim 
■ad dating of "Qiailae” (op. nl) ha* recently bran emphatically reiternted by 
Valid (t93S, pp. IST and IB4) 

' For lUiMnUona of the tyidral {decea, of Vaidd, 1910, Fla. II-IX, to which 
may prabaUy ha added who the Mbwiiig- PL IV. IB, 19, V' 40, VI 41 (7); VIII; 
H VraM'a coOeethm of 1907 na originally honied in the National Hnaeum at 
Belgrade which mi dertipyed by bombBidment duiUig the World War; of 
Fhtluivtd, IHl, pp. 90S and Virid, 198^ p. Ii 
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Neobtbic Afp.' Wliile my chief objective ie concerned with 
aitee containing actual Neolithic depotiu which I have 
pereonally examined I am also drawing from other pertinent 
sources. Thus I mclude localities in which Neolithic material 
appears in a secondary position but not in ntu, as well as 
chance finds as yet perhaps totally undocumented by de- 
pontional evidence.' Home of these instances may lead to 
additional diarovenes and cerUdnly provide potential guidance 
for further field work. 

No traces of human occupation antedating the Neolithic 
Age have yet been noted anywhere in the Yugoslavian portion 
of lower Danubian valley. The nearest occurrences, geo- 
graphically, of PalsoUthic existence are reported from 
Bulgaria whore several caves with Aurignarian deposits have 
been explored,' and from Little Walachia where one station, 
presumably of a Lower Aurignaclan phase, has been in- 
vestigated.' There are no indications of Mesolithic economy 
anywhere in the n^t-bank sector of lower Danubian valley. 
On the opposite side, aocordiog to Nestor "echte nwsoUthischo 

‘The field work froo which Ihli Uik erleee WM ipoDioTed by Uie Fob 
A rt Muecum, Herverd Unlvenlty (jeemn 1B38), end the Asiericaii School of 
PrehMorto Biwrereh (Heeoni lOSS end 1034), the Nellonel llueeujD of Belgrede 
oDOpentsd In (he procmin of 1033 end the Kefotln Mueeam Id that of 1084 , 
ef Fewkee, 1034, pp 34 If , 1034e, pp S3 If., and 103S, pp. 18 ff 

Uort of the meterlel mllaeted durtns thew foeertipUloiia h depoattal In 
Ihc NeigDtln Muieum. The NsUooel Mueeum et Belsnde hae s lepneduative 
■arlee of (he 1033 find* u weD ei certain epedmeoe pnrviDnaly punfiMW' fnxn 
private henb 

* With the kind pemdetlon of the NegoUn Mneetna, which Is WPtby imtefidly 
aeknowlsdged, it bernmee poadhie, on thle oeeaiioii, to laooipofate eertaln of lie 
iudepradent findi and gene^ raooidi made avaUabie to me through the oourteey 
of Mr 8 MtetaoovU 

•Cf Popov, 1011, pp. 34S 1013-1013, pp. 393 1081, pp. 1 ff , end 

1033, n> 1 If , eln Mlkov, 1033, ^ 14 ff 

Ne^r, 1033, p 33 Tnla author queiUona the disigiis'lnn of tim 
point from Sdgletu u ct the Abri-AudU type itc., note 61],*ead apeaki of yet 
other, (mpubliched, ttaeee of PdBoUthio elfae in UtUe Wabehla (Aid.). BOe 
alco hli eoflUDeata irgardlng the dubwoc Moueterlan (T) or Aurignarien bone 
and etooe pleoee from a now defrayed eave near Tppahi on the DaauLe In 
Dobngea. However, HoroiBii, 1038/1030, pp IB, had piwlouriy Intaipinted 
tha Toimhi ftnda u AuiignaifiaD .^id more raeently hloroiaD, 1036, p 1343, 
erpiaeely etatee. “L'lnduetrie paUaUUdqua ib Topahi en Dobngea leiiililt aueri 
appaiitidr h im tel [(.«. hUddb Aurlgnarien] fadee." 
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Fimde lind bisher nur in der Klemwalachei lu veneiphnen." ' 
Th« mateiial In quflBtion is said to oonaut of “einiite Mikm> 
lithen, die euu der Chwalibogovioe-Kultiir Polene ontepre- 
rbende Facies aufveuen eollen.” * With respect to the 
Neolithic Age, the vestiges of which are clearly recognised 
more or less throughout the lower valley of the Danube, there 
can be no doubt that even the apparently “oldest” remains 
bespeak a well developed cultural complexity. Although 
regional differences are distinguishable, a common funda- 
mental basis of economy is demonstrated. This reflects a 
communal mode of life, sessile conditions, agriculture and 
stock raising — In other words controlled economy. Local 
parental antecedenta from which the determining criteria 
of such an innovation might be considered to have germinated 
are certainly totally unsubstantiated. On the contrary, the 
very nature of the Neolithic cultural statue, collectively 
viewed, indubitably bespeaks derivation from external sources. 
Moreover, it seems obvious that not only fresh cultural 
inspirations, but also a fresh influx of people must be ac- 
counted for, at least at the beginning of the Neolithic mani- 
feetations. It would be futile to speculate on such aspects 
as place of ongin, motive, vdocity, route, etc., of the forces 
involved. The process occurred subsequent to the accumula- 
tion of the quartemary Imss mantle which covers most of the 
valley area However, it does not seem to have taken place 
immediately after that deposition was completed. That an 
interval of time lapsed between the two events is indubitably 
proved, at least in soma locaUtiee, by an aboriginal humus 
layer which overlies the Imss.' In such instances the Nedithic 

• Nator, issa, p. 28 

' Ihid, bsM oa thi work of NlaolMW-Flepior wbo, iUtw Mator, "untw 
■ckaldM nral mfliniUthailnhiniib KiStmwi, dio toch Sntnphlidi ■inlmniiir 
f h ih wi woriia kUnnwi " Tt rf wniiWi Itil niiSi n—STirinil imn arind 

Mduee dow not load Itadtf (o oonekidTS iBtorpiwtsUon. Thi pbudbOlty' of 
reneDlilM onUstm on tlw bsili of t fair nlanUtbi la otniaiiily, opal lo quMtkm. 

• loti ■ hutoiMM ipMtflaHy noted b the minn under itiitnialnn Ine ouud- 
Dunn o o e iin u l ot Wi of tUa bonm did not oiwed 0.4 m. It 1* InlawtlBS to 
SMnO tint nt “VlnSn'’ the th lok n aa of s iliiillar oborlsiiial hniuiii bja has been 
■Martaliad bjr YmM Ig monurt OS B. (VuM, 1810^ p. 8t) and ev«a 0.7 m.- 
a7SB.(Vuu,ie2e,p.a). 
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depoBit« pierce the ancient humiu and penetrate farther 
below into the Itess. We have no objectively aacertained 
data 08 to the nature of living cnnditione prevailing during 
the acute period of the laess formation The impression one 
gathers from examining the exposed profiles of the mantle 
along the Danube is that they were unfavorable to man, such 
Hii impression is inconclusive and cannot claim recognition. 
At any rate positive traces of contemporary occupation have 
not been ascertained therein The Neolithic evidence is 
invariably clearly intrusive In view of these considerations 
It seemA imperative to regard the initial Neolithic settlors as 
pioneering colonists Their socio-economic status reveals a 
well rounded cultural foundation rather than an experimental 
stage This interesting circumstance is particularly signifi- 
cant with respect to the inaeparable ethno-cultural duahty 
which immediately implies a process of primary diffusion as 
the most plausible raiionalisRUon of its existence. It also 
mitigates against on autochthonous development and 
strengthens the recognition of a kuUtu. 

In dealing with the individual sites within the Yugoslavian 
portion of lower Danubian valley 1 use predominantly the 
present tense although I realize that some of the conditions 
here described may have been altered sinco 1934.' The sites 
fall into the following three categories. 

(A) Definitely Neolithic settlements unquestionably identi- 

fied by deposits in situ. 

(B) Likely (7) Neohthic settlemeDte, i.e. those in which 

secondarily placed Neolithic material appears without 
positive proof of correspondingly datable deposits. 

It U commonly amumad and rnqasBU; laertsd (by snhaolci|||sti ratbsr 
than by pabubotanUts) that tb« Icn une of the Osnoblan ana »aa niitinany 
covered by primaval foraat aa tb« Naoitthlc Aea anaoed and that the Initial 
aattlemenla required aubatantlal dearbif at ths irowth In order to be more or 
leaf parmanenUy alloeated, rf , ' a. Chdda, lUSIb pp. 90 C (geseial appUeatlon 
to middle Danube end knirpr Deaubc valley), end Vcald, 1930, p 8 (apeeUled 
lor “Vlnte") In either Inateooe annlyttael proof la not dted. 

■Aas matter of feet in l(l34Iaotadaevenldisn|ealnaltepR>BlnatKus|ak, 
Korbovo, and Koatol aa ettmpated with eondltlooa axIaUni there In 1933. While 
enme of tbtea esri sUrttititable to aotuisl aroaloa otbm mn phlsly due to 
arUfidol ooiiaea 
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(C) MiBcellaneouB Bites from which sundry NcoUthic (and 
later) matenal has been secured, but m which de- 
positional circumstances have not been adequately 
identified ns yet. 

Inasmuch as the material (ceramic, bone, stone, etc.) from 
the several loc.alitie8 is quite bomoKeneous m character and 
falls into a uniform clasaificational scheme, 1 shall enumerate 
the individual occurrences at each site and detail the total 
collectively under a separate heading This will avoid repe- 
tition of descriptive data 

(.4) Depinitily NaoLmiiG SnrmEMENTs 
These include five sites, all situated upon the unmcdiate 
bank of the Danube. Their positions are here given in 
relation to modern commumties, the sequence of their num- 
bers (1-6) IB correspondingly marked in the accompanying 
sketch map (Fig. 1). The natives refer to these sites simply 
as obala, % e river bank, although in certain cases specific 
names prevail. Whatever the individual usages they arc 
here given in transliteration. In the instance of the two sites 
at the village of Korbovo, however, I have arbitrarily em- 
ployed geographic directions to cianfy the distinction. Thus 
I call the site situated upstream from the village "Obala 
Northeast,” Korbovo, in contrast to "Obala Southwest,” 
Korbovo, which identifies the sito situated downstream from 
the village And I shall, hereafter, give the name of each 
site in quotation marks. 


1. "Obala’' al Kotlol 

The village of Kostol lies 2.6 km. east of Kladovo. The 
site of "Obala” is situated within the land belonging to this 
community, about 2 6 km eastward from its center towards 
Mala Vrbica (Fig. 1, site number 1), and approximately 0 8 
km. downstream from the nuns of the Moesian abutment of 
Trajan’s Danube bridge (PI. VU: 11). The height of the 
bank bearing the deposits varies from about 3 m. (upstream 



338 


VMUlMrB J FBWKES 





KEOLITUIC SITES 


339 


margin) to about 0.£ m. (downstream margm), and is only 
partially exposed by erosion. The visible profile of the 
culture level, consisting of pita and superimposed debns, 
appears within a length of approximately 200 m. In the 
com fields upon the honsontal plane of the bank we collected 
surface sher^ over an area considerably exceeding the stretch 
of the exposed bank and reaching inland as much as 300 m. 
Thu, of course, does not provide any dependable means with 
which to judge the probaUe interior extent of the site, because 
the material was placed in its secondary position in the 
process of goopoiuo activities. Himilarly the rchcs which we 
found at the base of the exposed profile and on the adjacent 
shelf had been secondarily deposited. However, in the 
culture deposits themselves, both in pits and in the im- 
mediately superposed debns, plentiful evidence of Neolithic 
occupation exists in situ The character of thu material u 
identical with that represented in the surface lot. Moreover, 
the depoeits themselves did not reveal (1933 and 1934) 
anything but Neolithic relics. Both the pits and the debris 
surmounting them contained, as much as has been possible 
to ascertain by observation, uniform stmctural nature and 
contents. Although the revealed faco of the bank appears to 
mark only a portion of the site it is noteworthy that its entire 
length demonstrates homogeneous depositional circumstances 
and like material The maximum vertical span of the ex- 
posed deposits measured 1.8 m. (approximately 60 m down- 
stream from the western edge), whereas the minimum (sam- 
pled at the downstream margin, where a natural depression 
extends from the Danube inland) amounted to 0.4 m. The 
reduced thickness off the edge of this depression is attributable 
to water erosion as well as to recent plnn ghin g . The total 
observations and the materi^ remains definitely establish 
this locality as a settlement rite. Its full extent, as well as 
the question of whether or not it belongs exclusively to the 
Neolithic Age cannot be determined without proper excava- 
tion. Hie material includes: Barbotine, incised, fluted, 
burnished, and hand-smoothed pottery; Sint blades, slate 
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shoe-last celts, ajid milling atones and querns of sandstone; 
and fragments of wall plaster.' 

S. "Obala ^orlheaat" al Korhovo 
Korbovo, the southern-moat community in the region of 
Kljud, 18 situated on the bank of the Danube opposite the 
northwestern point of the Rounuinian island of Ostrovul 
C'orbului (Fig I, site number 2) The site of “Obala North- 
east” lies immediately upstream from the northern bmit of 
Korbovo Its exposed deposits are fust noticeable at a 
distant of about 1 km. from the boat station and extend for 
approximately 0 6 km. Within this stretch the height of the 
Danubian bank fluctuates from 2 m. to 4 m , and its surface 
plane rises gently mland to meet the higher elevation of the 
background (PI. VIII; 3). The eroded profile contains 
sharply distinguishable culture pits cut through a 0.3 m to 
0.4 m thick layer of abonginal humus into the loess mantle 
Olid often penetrating to the sand mveau The upper 
horuontol limit of the pits is surmounted by a xone of debris 
which terminates with the contemporary humus mantle 
averaging 0.2 m in thickness The maximum depth of the 
culture beanng deposits, token vertically from the bottom of 
the deepest pit to the base of the top soil, measured (in 1033) 
2am The pits are definit^y of the habitation type as 
proved by the presence of fired wall plaster, their sue and 
distribution, floors, nature of accumulations, and contents. 
In several instances superimposed floon, interspaced by a 
fill rich in sherds, ashes, etc., are visiblo, the side walls of these 
pits, as much as revealed in the exposed profile, ore either 
vertical or gently sloping inward toward the bottom. A 
truly amaxing abundance of ceramic remains was noted in 
1033 and 1034 both in the pits and in the superimposed debris, 
llie downstream margin of the bank tennmates ^uite abruptly 
on an acute angle (FI. Vlll 1) with which the ^tribution of 
the exposed deposits ends, there is a marked dent, about 

iThb mstarlal, not fuDy lUiutrated bara, la duplicated In the oomapaadliis 
niagoriei found at "Obala Northaaai," Korbovo, and "Obala," £uij^, ride 
dV^a. 
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30 m. wide, below which the bank U again aligned with that 
of "Obala Northeast” and its height increases toward the 
village. Owing to lack of exposure we were not able to 
ascertain the demarcation of the site on its northern side 
However, the site, again a settlement, seems to continue un- 
interruptedly throughout the observed distance of 0 0 km 
The surface plane of the culture beanng bank is not under 
cultivation but la used as pasture land ' In addition to the 
damage caused by seasonal floods, the site suffers considerably 
from Uheit digging pursued by youngsters tending live stock 
and occasionally, it seems, also by profit-seeking pot hunters.' 
Whde the inclined ahelf, which resembles a beach, is strewn 
with quantities of dislodged matenal, the surface plane 
of the bank, since it is not being cultivated, gives a very 
pour reward to the collector The site appears to have the 
thickest and (m contents) nchest Neolltbc deposits on the 
Yugoslavian bank of the lower Danube. Although an in- 
determinate portion of its original deposits is now gone, a 
systematic excavation is highly desirable The Neolithic 
matenal, found either tn ntu or in secondary position, com- 
pnsea the following. The barbotine, incised, fluted, burnished, 
bumish-docorated, and hand-smoothed classes of pottery, 
ceramic human figurines with incised decoration; ceramic 
altars, flint blades and chips, nulhng stones and querns of 
sandstone; slate shoe-last celts, bone awls; fired wall plaster, 
animal bones (among which domestic cattle and pig, dog, roe 
deer, red deer, and sturgeon ^vertebra)] have been identified 
by me in the field).' 

' It U, iDoUeoUIly, Minmiiml ImiH ud nadiijr srsflsble lor emsvsUoii 

• Fnrtimataly at ioiim of Dm material u fihiniJeied haa been ubtalnwl 
Hther hj the Natloaal Uuaenai at Belinde or, more noently, by the Nefutln 
Muneum. 

‘ VaaM, 1008, Fl|. 11 (teit pp. OOff ), and 1010, PI V 77 (text |k 13), lUue- 
tiatee an amhapad apaelman ol white marliie (rom "KotIkitd’', its dioieialona 
an |lTaa ai ‘'4.A by S 4 by LS em.” (op eil., p 12] VaeM, 1010, pp. 0-13, 
mended mly one ilta at Korbovn, bnt did ntii detail lla loeatloo Aa baa bten 
I ndlw ted, tbm an twp aaparata altai wlUiln tbs land of ihli viDase, hen dlitlii- 
Suwhad, napestlveiy, aa "Obala Nortfanaat'' (now undar aonalderatloB) and 
"Obala Soathwnat” (to be dtaoifbod later) It la, therefoir, intber diRloull to 
■mgn the mtride paodanl (7) in qoeatloii to dtber one of the two iHea with 
dependability. It naoin to me, boirerer, that hi view of the nlreuinatanre that 
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In addition to the Neolithic material, we alao collected 
later remaina in secondary pontlon, but did not note any tn 
nhi. We recognised sherds of the Late Bronse Age ' (Vatin 
phase), as well as fragments of Homan brick, amphora, and 
pyramidal weights. The nte of “Bmradila," which lies on 
the bank about 1 km. upstream from "Obala Northoast," 
contains Roman ruins (probably those of a oasteOum) ; 
immediately southward of the prominent mound at "Smrs- 
dila” we noted a series of skeletal graves either in plain pits 
or in tile cists, plainly revealed in the profile of the bank, but 
without any furniture in view. While the tiles suggest 
Roman provenience, and perhaps an association with the 
military station (?), the plain graves offer no clue as to their 
probable period. 

From Ostrovul Corbului Neolithic, Bronse Age, and Ro- 
man remains are reported ' 


5. "Obala" of Yektnva 

The village of Velesnica lies 12.6 km due east of Korbovo 
(measured on a direct aerial line). The site is situated on the 
bank of the Danube, partially within the village proper and 

VhU, op lit, p. 9, •padSnllr rtferrad to “o elMiijr neosnlnhla [nuHiue] 
levBl,”oar‘‘OlMbNorlb«ut"Up«ta|»llwmonUU 7 plue. Forof'OUU 
Southwaat" UMdapoSUinnot imilraodeaiW vWblaL. MoraoTer, VuU (Aid ) 
nmarksd tint hs enUastad ha ouU^ at "Korbovo"— fadDdloa fraumahly, 
ttaa oaibla ptaw— ''on tba [OanuUsB] rtrind'iableeted to inusdiaini'' (Pw 
tnmlattaa) TUa alio favon "Obala Northaait" whan th«p«tliiaBt,MMeaaII]r 
doodad ah^ haa as avaraea width (a* low wstar) of at laaat 2f M. aa aoavarad 
wHh tha tnarimnm of 8 m. (minhniim aaro) uctad at "Obala donUiweal'' duriag 
tha raanrintmnna tiipa bara daaorlbad. It la to be taieiBfawail, of eouna, that 
the Ispaa of time batwam ly ofaww VaRdb InvotipUaiia and oar Snt Mp to 
thli laslaii amounU to aiaotly tvoit;^ yaan; in pnaounaad an Intmval 
aonaldenbla aroskm nay have tahm piaoa and ehaaiad the eaodiUoo of tha 
bank at both aitai. It la for thin vaty naaon that I ihataln fhwi noturfas no a 
oooaiudTe daeWaa with laapaBt to tha oaibla plaoe. And it la worthy (n nota 
In thin aosnantloii that wa hava found aaonidanly piHad NaoUthic matarlal 
(and tba maibla paadaot ewtalaly la of a KaoUthla type) at "Obala Houthwwt," 
Koibovo, ihhoiich our aaaieh fw aorre^iaidlns dapodta la tha e ap oa a d ptoAla 
of that ^ dM not meat with podUva raauita. 

‘ J t. “tha 'Zuto Bni«’ lypa" of Vadd, ISOT, and 1010; af , howevar, noto 
IC^ inrtL 

‘ 'BlnlelU. 11104 , 1111 . OSS fl. 
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partially below ite southern limit;* its vertical profile is 
eeperially proiDinently exposed along its southern margin. 
The deposits revealed in 1033 were concentrated within a 
distance of appraxlmatrly 300 m and the culture level with 
]Hta amount^ to as much as 2 6 m. in maximum vertical 
span. We ascertained Neolithic matenal in ntu only in 
scattered instances, but always in pita. On the other hand 
the surface finds from the adjacent sloping shelf comprised 
predominantly later remains, especially those of the Bronie 
Age, Iron Age (TLa T6ne), and the Roman and Early Slavic 
periods. And we also recognised Bronse Age (Vatin phase) 
and Roman sherds in the level surmounting the pita. The 
site is a settlement containing, in addition to Neolithic, later 
vestiges as evidenced by the mixed and complicated strati- 
graphic features. In certain pits suggestive of a Neolithic 
origin we noted intrusive later material, while other pits 
disclosed exclusively Bronse Age remains. Being located 
largely under a portion of the village, the site is not available 
for excavation except in its southern section. The Neolitl ic 
material consists of the barbotine, fluted, burnished, and hand- 
smoothed classes of pottery, flint blades and milbng stones. 
We did not notice association of wall plaster with the ap- 
parently Neolithic pits; wherever it was seen in nlu it could 
not be clearly assigned to a specific provenience because of 
complicated stratigraphic conditions and mixture of sherds 
reflMtiiig two or more periods. The question must be settled 
by excavation. Similarly, it ivould be difficult to place some 
of the animal bones (domestic pig and cattle, wild boar, and 
ulna of a red [7] deer — the last named speciinen judged by ita 
siie) which we recorded. 

Two additbnal looalitiea both on the bank of the Danube, 
each presumably with ainiilar depoeita and material remaina, 
are aaid to be situated near Veleanioa. The one situated about 

' It ni Snt reosoM hr YtriS, leiO, pp. lS-14, who sIn SMavstsd Uwn 
■n ISIO (ft Mt, pp 1-3); ■■ br I sa swsrs no raailts ol tills onsTstlon 
hsro hen pnhUnsd, ( Pwi i f saor VuU Uadty lafoRnad bm, hi a ptnoosl taittf- 
▼liw dnrfcia ths mmoq of IMS, that hk flsld aotos satodsttos Ihi Worid War 
hadhtnkwt 
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1 km. upntream from the villafte la called "JeUS”, the other, 
lying about 1 5 km downatreom from the village is known as 
"Biljevuia” It was not opportune to visit either of these 
plares during our field work, and I am at a loss to say whether 
they contain Neolithic remains or nol On information 
obtained from seemingly dependable local informants it would 
seem that the two localities mark rather extensive scKlemenln 
and that they apparently both contain itoman relics (tile, 
amphune, pithoi) 

4. “GlamijdrOhala" at Ljvhiltvae 
The village of Ljubi6evac is located 3 7 km. southward of 
Velcsnica and the site lies an equal distance farther down- 
stream opposite Urabovica Island The term Olamija, 
sometimes (rlameja, is a corruption of mogtia, the Slavic 
equivalent for moimd. A Roman ruin, apparently the 
remnant of a oastcUum, with a surface appearance of an oval 
tumulus, 18 still partially preserved there. Its name is 
Olamtja and after it, it seems, the bank containing the 
deposits with which we are here conoerned, is named "Glanu- 
ja-Obala ’’ This is again a settlement chararterised by 
similar features as in the instances already stated, it is, how- 
ever, more extensive (x-iewed from the river) than the other 
sites here detailed, for it is about 1 km. long. The deposits 
form a culture level with pits penetrating below it into the 
loess, the total vertical q>an raJoging from 2 ffl. to 2.5 m. The 
average height of the bank itself vanes from 3.6 m. to 4.6 m. 
In several pits we noted rather exceasively fired wall plaster 
which seemed to indicate conflagration of daubed super- 
structures of dwellings. Artificially fired floors, such os 
occur at “ VinSa," ' may possibly exist at this site; however, 
positive deductions in this regard must awpit excavation. 
The pits observed dunng our reoonnoitering in 1933 revealed 
an equilateral, vertical profile, a rounded or flattened bottom, 
and a rather shallow depth (not exceeding IJi m.}. While 
chunks of fired wall plaster with impressions of wattling were 
> Viu<, lesa, ^ 10 
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quite abundant throughout the depouta, the laminated more 
or less horizontally laid "floare'’ (^) rompoeed of a similar 
substance seemed to be restricted to a layer immediately 
overlying the pits.' Cultural material in nfu waa fully in 
view throughout the exposed depoeits. Furthermore, the 
shelf between the bank and the Danube, and to a lesser extent 
also the honzontol plane of the bank (especially its tilled 
portion), were fairly strewn with serondarily placed remains. 
In addition to the Neolithic deposits, which (in the exposed 
profile) seem to represent a pnmary settlement. Bronze Age 
occupation (Vatin phase) is also fully documented, and it la 
likewise obvious that the site was utilized (perhaps as a 
military post) during the period of Roman occupation The 
Neolithic material mcludes. the barbotine, fluted, burnished, 
and hand-smoothed classes of pottery, flint blades, milling 
stones and querns of sandstone, fired wall plaster and flooring 
(?), and animal bones (domestic cattle and pig). 

S. “Obala-Kuajak," near Prdhovo 

Thu village of Prahovo is situated on the bank of the 
Danube opposite the southern extremity of the Roumanian 
island of Oslrovul Mare. The site lies about 2 km. upstream 
from the railroad station of Prahovo and 300 m. downstream 
from the Kusjok grist milJ. Its northern limit coincides with 
the edge of the guUey which intervenes between the Kiisjok 
grist mill and the bank of the Danube, which at this point 
has a greater elevation than in any of the previously speciHed 
instances of Neolithic sites. The depoeits are concentrated 
withm the eroded bank for a distance of about 200 m. The 
height of the culture bearing level ranges from 2.5 m. to 3.6 
ra , and the richest exposed depoeits are confined to the profile 
of a prominent depression which forms a triangular pocket 
in the Burfaee plane of the bank. The deposits con^t of 
large pits, the cootoura of which ore dearly distinguishable 

' ProrUanallr, pbaumHiiao saqr pw)ia|« be viewed eoinewliet of ■ 
■Hmkr i«M to "Vlofla'' wbsre bouw with la vtlflolilly pnpsied tod &red 
Boor m rttetlnaphieelly Uler then tbe MArae idveeu, wbieh le ebenoterieed 
by ■hnijle ptti; d VeiU, dl, and peed**. 
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in the Icsas foundation, and debris superimposed above these, 
surmounted, in turn, by recent humus In 1933 and 1934 
the entire profile of the site was exposed by fresh erosion and 
its limits were precisely traceable in the bank The artificial 
deposits were everywhere clearly revealed without a break 
in their continuous distribution. The sloping beach*like 
shelf yielded a relatively small quantity of secondarily placed 
material as compared with other ntes. On the surface of the 
site no cultural evidence was noted; the ground is not under 
cultivation, serving merely as pasture land. The nature of 
the deposits and the material finds establish the mte as a 
Neolithic settlement which seems to have remained un- 
occupied, subsequent to its terminslion, until the Roman 
period The pits and the immediately superimposed layers 
were found to contain exclusively Neolithic remains. It was 
only m the highest deposits and within the humus that we 
noted Roman bnck and sherds. The original Nrabthic site 
was probably more or less confined to the depreesion In the 
surface of the bank (PI. VIII. 2} for in the higher elevat^ 
above this locus, occupied by recently ploughed fiekhi, ww 
failed to find any cultural remains. Thu view is further 
strengthened by the pronounced concentration of the culture 
bearing deposits within the profile of the depression. The 
Neuhthic material comprises, the barbotine, fluted, burnished, 
and hand-smoothed classes of pottery; fired wall plaster; 
flint blades; milling stones of sandstone; slate shoe-last celts. 

Our search slong the Danube bank downstream from 
"Obola-KuBjak” met with negative results in so far as Neo- 
lithic sites arc concerned. In Prahovo proper, near the 
orossiiig of the railroad and the highway leading from the 
boat station to Negotin, we noted Roman deposits in the 
hi^ bank of the Danube; the distance froni this place to 
“Obola-Kusjak,” measured along the immediate river bank, 
is roujriily 1.6 km. I do not mean to imply that this course 
of the bank is entirely devoid of archeolc^al deposits, the 
point I wish to streaa is that during our reconnoitering none 
were obvioualy exposed. This observation, it seems to me, 
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has a direct bearing on the following record quoted from 
Vasifi: "Below the nte at Qhe mouth of] Slatinaka reka 
[Slatina brook, which joina the Danube about 16.5 km. 
northwest of Kuajak] the fint nearest prehiatono locality on 
the bonk of the Danube thus far known is Praovo [now called 
Frohovo]. The site itself lies on the Danube above pr^ent 
day Praovo, not for from the road Negotin-Kuajak. The 
bank at this place is cut [t.s. eroded] and high." ' From this 
inadequate localisation a precise placement of the "pre- 
historic locality" in question is, of course, not attainable 
The road Negotin-Kusjok runs fairly parallel with the Danube 
for more than 1 km. before Kuajak is reached, and its maxi- 
mum distance from the nver amounts to about 300 m. 
Beginiung with "Obala-Kusjak" the bank of the Danube has 
an elevation of well over 6 m. (as contrasted with 1 .5 m. or 
less in front of the gnat mill called Kuajak), and its height 
increases to 12 m. immediately farther downstream This 
level of the bank continues to and beyond Prahovo; indeed, 
in several instances it reaches a height of as much as 15 m., 
especially where sand dunes occur It seems that Vasia’s 
reference to the high bank, his omiasion to take into account 
the position of Kuajak itself, and above all the Late Bronse 
Age finds which he reported,’ have to do not with the rite of 
"Obala-Kuajak” here described, but rather with a separate 
locahty situated, presumably, somewhere farther downstream. 
According to YasiCs record, as stated in the reference just 
quoted, the place should be allocated "not far from the road 
Npgotln-Kusjak.” Among the finds from this site, as de- 
Bcnbed and Illustrated by Vasi6,' there are two sherds which 
suggest Neolithic provemence.* 

The site of " Obala-KuBjak” need not necessarily mark the 
last Neolithic settlement situated on the Danube bank 

■ VuM, 1910, p. 14. (Vim tmiukUan.) 

• Vwi«, 1910, p. IS, utS PL XI.93-es, 97 (FI. XI 91 s, b, ind 96 UlivtnU 
Neoitthit dMna) 

•Op. ciL, FI. XI 91. 90 

* VaiM, 191(1^ II XI. 91 s, b, sbi) 90. I liiould not hesHste to anlca both 

ol UuM to the Noullthle Agi a* rnnoutod at tbs liti □( ‘‘Obalo-Kusjak," 

or iBT otbar NaoUthIa antllnmniti bars nrscTtlnl 
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between "ObaU” at Kostol in the weal and the mouth of the 
Timolc in the caat. It la nei-essary to emphasise the observa- 
tion, however, that beyond “Obola-Kuajak” actual deposits 
containing evidence in ntu from which to determine indubit- 
able existence of Neolithic ocupation are unsubstantiated at 
this time This atatement, of course, refers only to the 
Yugoslavian portion of the lower Danubian bank, for it is 
well known that sites romporablc to the five here detaded 
appear ui the same bank beyond the Timok estuary (m 
Bulgaria), and like sites have also been ascertained on the 
Roumanian bank between the Iron Uato and, roughly, the 
town of Colafaiul, as well as on several of the Danubian 
islands situated within the corresponding portion of the river. 
{Vide infra ) 

The five sites just described have a great deal in common 
with respect to position, nature of deposits, form of dwellings, 
character of material, sue (as revealed m profile), quantity 
of remains, and manner of erosion Above all, they are all 
settlements documenting an essentially uniform type of 
economy 

(B) LiKKLY (?) NSOUTHIC SuTTnElRNTS 

Under this heading are here listed localities ogam located 
on the bank of the Danube between the Iron Gate and the 
mouth of the Timok the exposed proSies of which, however, 
rei'eal only Late Bronze Age (and sometimes also later) 
deposits. Yet, in the immediate vicinity of these sites, 
usually at the base of the bank (on the inclined shelf), but 
always m a stnctly secondary position, Neolithic sherds 
have been collected. The necessity of segregating these 
instances is dictated by the ice and water action of the Danube 
in Bo for as the two affect the bank, for it is conceivable that 
dislodged remains might be transported and transplanted. 
While it must be stressed that during our examination at the 
sloping shelf extending from the base of the bank to the edge 
of the river we found only a negligible amount of material 
attnbutable to the agencies just mentioned, the contingency 
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involved must nevertheless be respected. When the sites 
Ihemselvee yield positive proof of cultural evidence in situ 
their deposits usually also reveal some clue as to their tune 
placement. That was the case in the Eve instances thus far 
detailed, all of which (as far as their profiles disclose) ori- 
ginated as Neolithic settlements, although later occupations 
are also documented at all these sites However, there are 
several instances of finds of Neolithic material retrieved from 
secondary position at localities now revealing later than 
Neolithic deposits Naturally, any prognosis would be 
necessarily premature, the problematical issue must lie dealt 
with through additional field work. Yet, for the sake of 
completeness it seems desirable to include the jiotential data 
m this treatment. In doing so wc must also take into 
cogmsance the sites reported by Vasi6,' even though his 
manner of deahng with some of their material fails to be 
obviously convincing with respect to ceramics earlier than 
“the ‘2uto Brdo’ type ” For VasiC described but a sampling 
of his finds and it is conceivable that his collection may have 
contained specimens of Neolithic provenience which might 
not be ordinarily illustrated.’ We shall, for convemence, 
now reverse the order of our previous geographic progression 
aud proceed from the Timok toward the Iron Gate, but still 
along the Danube 

(a) Hadvjevac 

Hadujcvoc is the first Danubian commumty on Yugoslav 
temtory above the mouth of the Timok Practically in its 
center, opposite the boat station, on the high bank of the 
Danube, are quite prominent and readily traceable nuns of an 
extensive Roman costellum. Tbo site u locally called either 
“ Gradid" ' or “Rimaki Grad” ’ and has sulTered a great deal 

‘ VulS, IDIO, pp. 3 ff 

'VsaM, 1910, dotalM only tha Audi Qluiitrated in hia ptatia II-XI by 
dcMnUng them In a lequMiaa omrspomUat to Uie numberins of tha bidlvldunl 
■pertmeni ihowB (A tin plnta*. 

' 8erfao.Cn»tiui dfanlniiUva tar fortram. (Tin diminutive vulsnt b rather 
ditSwlt to tppnelnU U view of the axioo^ve utore ef the nifan ) 

* I «. Borneo tortnee 
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from ettensive, and here and there indeed intensive, plunder- 
ing of a clearly recent date. At this place Vaadi found Late 
Bronu Age material, presumably m secondary position.' 
When I examined the site in IdS.*) only Roman depodts were 
revealed in the eroded barik, and very httle material, again 
exclusively Roman, was strewn on the sloping shelf between 
the base of the bank and the edge of the Danube. The il- 
lustrations published by Vaint * do not mcludo any Neolithic 
matenal from Radujcvac Yet, fur reasons previously 
specified, it seems well to hold this locality in abeyance for 
further field work in the region 

(b) As has been stated m connection with "Obala-Kus- 
jak,” tupra, Vamf reported a site “above this village not far 
from the Negotxn-Kusjak road.”' In his opimon it re- 
presented “another example of ‘2uto Brdo' analogies,'' and 
as such, of course, was assigned by him to the Iron Age. 
However, two sherds among his finds from “Praovo" cer- 
tainly bespeak Neolithic provenience.' True, two sherds 
are meager evidence, but the methodology of Vasiti’B report 
coropols us to retain an open mind with respect to possible 
Neolithic matenal in any sites “of the '2uto Brdo' type” 
desenbed therein Since Vasi6 dealt merely with the material 
and dismissed the nature of the deposits with a few cursory 
remarks it is not plauaible to do more than this. In any 
event, great caution must be exercised until actual dlagnoais 
of the several locabties is made available through further 
exploration Nevertheless, it seems to me that the individual 
instances of Neolithic material recognisable from the il- 
lustrations aud description of Vasib, but disregarded by him 
as such, command attention in the present writing. In this 
sense Prahovo ("Prwivo’’), be it on the basis of two sherds, 
justifies, in my opinion at any rate, its inclusion under 
localities suggestive of likely (?) NeolitUo rites. 

> VssM, 1910, pp IS ff 

•Op.di,Fl 

^Op p 14t 

* Op cif^ PL lU 01 Ui Eod 00 
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(c) “USSeSlahtutkeReke"' 

The Slatina brook joine the Danube about 4 km. to the 
north-northeast of the village beanng the same name, at a 
loration situated opposite the southern arm of the bifurcated 
island of Mala Oslrvo.* VaBi6 recorded "finds of prehistoric 
objects of the same character" ns in the other nine sites 
examined by him in 1007.* None are deecnbed or illustrated 
in his report, the reason being that the author "did not wish 
to burden the article with a very large number of illustra- 
tions."* It IS to be assumed, then, that the material in 
question represented Vasia’s "usual ‘^uto Brdo’ typo"; since, 
as has been stressed, (his tat^ory embraces Neolithic sherds, 
I feel that "U8£e Slatinsko Rcke" must, provisionally at any 
rate, be mentioned among the likely (7) Neolithic sites. 

(d) “Ziditije" (nr “Gtamija”) at Vajtiga 

The village of Vajuga is located on the Danube at a dis- 
tance of 6 km. practically duo south of Kladovo. The site 
of "Zidinje," * sometimes also called "(ilamija," ' is situated 
on the bank of the Danube off the eastern edge of the com- 
munity. Whether or not it is to be identified with Vasid’s 
finds ’ 18 not possible to ascertain because Vasifi referred to 
them as being collected within the land belonging to Vajuga, 
without designating any specific location ' And he did not 

■ / a. mouth of tha SUttaia brook 

' Hah Otbva (f.r. IJttIa laUnd) v the SaUao nuns, the biand, however, 
la e Boumanlu po n a m n. I am not sertiin Uist Oatnnl Mita, a RtHimiohu 
aqiilvaimt of the Bmfalen deelgnatloa, la the neotolied olBoUl name of thla 
labnd, my attempta to verify thla proved unauooeiirfiil 

•VsaM, l«]0,p 14 

*Ob cit. 

’ Toe name, "owning walla. Is danved from the nature of Uio alta whioh 
ouDtalna nilna of in axtaeilve Roman eastelluiB with tha lower pistloQ of Iti 
waDs lod tha foimdatloa aapo^ by “treasure" huDlara. 

■ The mouoitehaped form of tlm surface features of tha alta seams to explain 
thk aUamata naina, Ibis, u hu bew mW, is a oonupUco rd tbe aiavlo tann 
mafUa lor mound. 

’Vasid, leiO, p. IS (fA “0 VaJma"). 

• Defliniliil about 300 m. weAwaid a! "Zidinje’' another lite exlsia; thla Is 
knoem as "OtaUa" (Vajiipa) and it aiso iixated on tbe Danube hank. In tha 
eapoaed profile vWble at the pbee in 1033 n depoait nvengtaii US m. In thteknon 
nu levmlad. However, the matoini whleb we oblatnrd from this kwallty la 
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mention the Roman niiiw Vaai6’R iHustrationfl of hia 
matenal from Vajuga do not include any Neolithic pieces.' 
Our lO.'JS finds from “Zidinje" comprise only Iiate Bronse 
Age and Roman sherds However, during our visit to the 
site in 1934 we collected additional surface pieces among which, 
aside from the previously noted penods, the Neolithic Age is 
definitely represented. Yet the deposits, well exposed by 
fresh erosion on both occasions, did not reveal any evidence 
in si'tu older than the Jjate Bronse Age The pre-Roman 
deposits are probably diaturiied, in part at least, by the 
foundation of the casteilum, and much additional damage 
has recently been caused by vandalism. Preserved traces of 
pre-Roman occupation may perhaps lio buned off the mound 
proper. A ti>8t at the western edge of the ruins, earned inland 
from the nver, might serve to ascertain this presumption, 
for it is there that liate Bronze Age matenal has at times been 
ploughed up TTntil a defimle conclumon can be drawn 
from exploration the site may be placed within our group 
of likely (7) Neolithic locahtiee. 

(e) "Obala StnUhuvsl” at Korbaw 

This site, again, as its name suggests, located on the bank 
of the Danube, begins at the southern margin of the village 
and extends on downstream for a distance of about 300 m. 
After a bnef interval at its lower (downstream) terminal 
similar deposits, m so far as structure, thickness, and remains 
ore concerned, contmue farther on toward Vajuga. The 
bank is considerably lower (manmum height 2.5 m.-^Pl. 
VII 13) than at the site above the village ' and the culture 
bconng deposits are nowhere quite no thick os they ore at that 
locality. The site was identified os a Bronse and Iron Age 
settlcinent on the basis of the material found in.sztu In 1933.* 

wholly etth«r Romaxi nr Ulor, umI tho site IImU b hJofaly njoiMlivo uf a ■etUement 
euntciapoiBiy wltb or wlMoqwnt to Its eibteim oi ths eutoStom (rj at "ZhUnja" 
t“UIai^B") And It la voiy doobt/uJ Uiat the malarial nporlad fnsn Vajusa 
by VatM (op dL) may haw heen ooUeeted at “Obala,” Vaju|gt. 

' Of Vaai^, IBIU, Fla. IX 7S-W, aad X HI-SA; thaw roprewnt the late 
Bnau Afo 

• I e "Obala Noitheait,” Kurbovo. 

'Fnrkiia, 1M4, p. 38, noU 23 
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In view of the fact, however, that m the roUection of Rurfacc 
reinaioa from the eloping ehelf extending from the baee of the 
bank to the water edge, several examples of eharactcrintic 
Neolithic ehcrde are included, it eecme advwable to record 
thiB locality in the category now under treatment It must 
be especially stroaacd that I am referring only to that un- 
interrupted stretch of deposits which he partially within the 
village proper and partially immediately downstream from 
it, designated as "Obala Routhwest.” It remains for future 
investigation to ascertain the relationship of those scgmcnlH 
of like deposits located farther down the Danube and indi- 
vidually separated (in 1933 and 1934) by atonic intervals. 
Our observations enabled us to identify all of these sectors as 
belongmg at least to the Ijatc Bmnse Age (and, in certain 
spots, also to later periods), but nowhere did wo locate Neo- 
lithic remains. Including the blank spaces, the total span 
of the culture bearing bank, beginning with “Obala Boulh- 
west" and progressing downstream toward Vajuga, measured 
(in 1933) about 2 km. It seems that several settlements are 
present unless, of course, the intermittent sterile breaks are 
merely sporadic blanks in a sin^e occupational area. It is 
to be remembered that we are dealing only with the exposed 
face of the bank. Burials are indicated by actual skeletsl 
remains visible in the eroded profile particularly at the 
downstream margiu of the terminal segment of the individusl 
stretches of deposits.' At “Obala Southwest" itself we 
noted several coffin-hke structures of fired plaster with thin, 
upnght walls, oval in shape (PI. VII. 10 — renter foreground), 
some divided into halves along the long axis, and showing 
remains of the original roofing likewise of fired plaster. In 
the deposits most recently washed by the Danube waters we 
found two of these structures completely exposed, but empty 

' At (ha looiUtir kiii>«ii ai “QiU," aitustail od Um Danube belvem Kotbovo 
Mid Vajufi, about 4 km. (rom Um lint named vUlafe, we noted an eapesUIy 
pnmln^ oonontnUoa of akelrtal boriabi, eliher extended or flexed, In well 
dleU n giihhab l e (lave pita Altbouch we rmonled Roman and later aherda on 
Uia adioinfaix ilaploit ahaU, we found nu tneee of tlbi, nor fumltun, letuelly 
in <f(a Tbe lUe la aeoeai^ to escavetlcm with a nominal outlay and ihoul^ 
In my opfailon, repay tboinush aqihiratioo. 
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Definite romainB of other similar inst&nocB were also viaible in 
more protected poeitioofl, but even in these cases there were 
no noticeable traces of furniture or burials to give dependable 
data as to their original purpose. However, we were told 
by natives that "large human bones" had come to view in a 
“coffin" freshly disturbed by erosion about the year 1030.’ 
In placing this information on record merely as a matter of 
routine it seems well to recall the burials in “Mulden von 
Bchwach gebranten Ton" at Hallstatt.* 

(J) “Kurnn Grad" at Mala Vrbiea 
The village of Mala Vrbica Les opposite the Simianu 
island about 0 km. eastward of Kladovo. “Kurvin Grad" ' 
IB situated approximately 2 km upstream from the village, 
on the bank of the Danube. The nuns of a Roman strong- 
hold, perhaps originally a castellum, identify the locality 
These are now largely under water, m a dry season the walls 
are usually partially exposed, and their contours are dis- 
tinguishable evon when submerged. From this site Vaiii6 
recorded certain "finds of ‘2uto Brdo’ analogies,"* and 

‘ lo 1B33 wa tumliMd the lemoliia of the atmatura la qumtloa (fl VII 13, 
ID) ud found It to be apparently a half of Uie nlfinal (aauunptlm bawd on 
romparlaoD of ita meaaunnneota with thow of otliar ramalna etUl non 

or Iw well proaerved) Hie purtion attU natloi within tbs bank had not aoffHwd 
from wMlon altkouRh it had been mutilated by otuioiia natleea Thera wwe 
no traree of eKher dieletal or eultural runalna. Althousb the atruatura waa 
tamunplete and aomilderafaly damafed, Ita ronnef dimenahwa oouU be ertlmatsl 
(by oomparatlve aalmlatloa In BomblnBUon with drdustlniH baled on extant 
eeatligm) aa fuUowa total Inath I 7 m., thleknaaa of walla 0.05 m. (averafa); 
height of ehamber near praacned end 03 m. (pnifanble maxlnium at eenter 
perhapa ta muoh aa 0.4 ra ), nmxunum width 1 m Tha ihape aunoated a falriy 
nieular Tha idaiter waa tharougfaly fired and waa nhaiaateiiied by unt- 
fomlty In color and texture 'Dwre were no ngns of aabea or of fire oruklms 
within the ooatreptlm, nor, for that matter, In Ite Immndletr vldnlty. Hie 
llrliti of the idaeter Imp re med me aa an IntenUoial p r u eiaa dadgnad to attain 
etordy Arnmew of tha walled and vanlted etrueture. It certainly waa not to bn 
Interpreted aa a remnant of an oven It would be uaeieM to ipeaiilnte about tha 
puipoae of the Interartbii oontrivanaa, the Ineomplete atate of pre w r ra- 
UoB and the recant damate pradudo deAntte deduatkioa. Tha aniwar to tbia 
puaaHng quaatkm muit be coiucht by exearatiDO in the undMnifaed portion of 
the dapoattL 

' Von SeeVe", lM|g, pp, 6 ff 
i Hia name meana tortiam of a praatUuta. 

' VaaiC, ISlO^pfL Sg., where tha loaalKy la dawrlhed aa aanttleniant. 
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among the material illuatrated by him, two sherds are highly 
suggestive of Neolithio origins,* and I am inrlined to believe 
that two of the several figurines illustrated in the same source 
are also Neolithic ' Although these instances constitute 
distinctly inadequate documentation I think it proper to 
include “Kurvin Orad” under the locabtlcs suggestive of 
hkoly (7) Neolithic sites. 

(g) "PeBok" near Kladova 

At this place, situated on the Kladovo*Korbovo road 
(before reaching the inundation depression, extending inland 
from the eastern margin of the site of “Obala” at Kostol, 
vide supra), Vasi^ noted “a locality with ‘2uto Brdo’ type 
of sherds and cinerated human bones " ' Tho author il- 
lustrated but two sherds, both of which obviously belong to 
the Late Bronxe Age.* Tho locality is occupied by a iive 
dune which seems to have advanced and increased since 
1907.* It is here included among likely (?) Neolithic sites 
not only because of necessary caution with respect to Vamp’s 
Interpretation, but also in view of the fact that the definitely 
Neolithic site of “Obala” at Kostol, lies but a short distance 
from^Pesak.” 

(k) '^Kroava Bara” at Kladova 

About 0.4 km south of tho fortress of Bvetislav (sometimes 
also called Feth Islam, Fet Islam, or Fetialav) which bes on 
the bank of the Danube a little less than a kilometor from the 
center of Kladovo, brick clay is now being exploited in an 
area roughly IfiO m. long and about 00 m. wide. The place 
is known as “Krvava Bara.” ' During our reconnaissance in 
1033 we examined the open ground and noted several culture 
pits, more or iess mutiiated by the ciay cutting activities, as 

>Ojkett..n. V-38iiid40 

* Op eU., FI IV IS, IS m b, r{ oota IS, tupm 

*Op. 

eiu, n. m 10 a, b, ud II t, b 

'Inc Uins of IV o f ti if Vutt*'! nirrcy, op nt , be ipeelfleilly meBtiaiied Uw 
IIto duoe in hta niiart Hm asino Pant imsno iud. 

* /.a. Iiloodp pool 



360 


VLADIUIR 3 . FK^ES 


well as some remnants of skeletal graves. Although the 
cultural material recovered there is only of the Roman and 
later periods, we did note a very few sherds on the surface in 
the vicinity of the cuts, which, despite their small sue and 
rather atypical character, suggest an earlier, possibly Neo- 
hthic, provenience. It is difficult to say whether the few 
fragments in question onginnlly came from deposits at 
“Krvava Bara", but it seems to me desirable to mention 
this locality as a possible source of Neohthic occupation.’ 

Of the eight sites ]ust enumerated six are more or lees of 
the same nature os the definitely Neohthic localities Their 
depositionol conditions, allocation, and character of debris, as 
well as extent, show a homogeneous character. The two sites 
at Kladovo are rather distant from the Danube, "Krvava 
Dara" seems to have very shallow deposits, and "Pesak” 
fails to reveal any indications of its depositional nature 
With the single exception of "Krvava Bara" the other sites 
had all been occupied m the Tate Bronie Age period; and 
most, if not all, including "Krvava Bara," also in Roman 
times. It may be of interest to note, at this point, that 
Roman rums are eepiecially numerous along the bank of the 
Danube between the Iron Gate and the mouth of the Timok 
(and on into Bulgaria, of course) The work of Kaniti, how- 
ever amateurish, gives a fair idea of the continuous distribu- 
tion of Roman military stations in this lone.' The number 
of those costella and castra which I have visited between 
Kladovo and Radujevoc exceeds a score And in several 
instances, as has been stated, prehistonc deposits exist under 
such ruins. Where the bank is exposed, or the wall founda- 
tions disturbed, examination of the remains is readily facil- 
itated. Elsewhere, however, the mounds are fairly intact 
and only their superficial features give a clue to thslr Roman 
origin, while search for earlier relics nsed not meet with 
positive results. It seems to me that a specialist in Roman 

■ In tbs enuns t/t our vlilt to tbe fortmi vUeb, luoldaBtallr, li quite ileh 
In lotomtlnit Turklih loUquItiaii, wa noted Roman ibenlt, tile, and bil^ near 
lha wato (not, but did not eoOeet any poaitlve evManoe of any praeedloii perloda. 

Kaniti, 1S92, pp 43 S , and hli map 
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antiquities would find a very rich field m this section of Yugo- 
slavia and that exploration in sites the occupational history 
of which outside of noman tiroes remains obfiucous would 
benefit him as well as the prehistorian 

(C) Miscellaneous Sites 

The Negotm Museum has a small collection of material 
obtained on vanous occasions at four localities here listed 
under (i)-(iv), and the NiS Museum has a sample collection 
from three additional sites, here listed under (v)-(vii) I 
have not seen any of these seven places, but have examined, 
at Negotm and NiS, respectively, the pertinent finds from 
(i)-(iv), (vi), and A brief note has been published on 

(V).' 

(i) . “Grad” at Miroi, two shaft-hole axes of (?) copper. 

(ii) . '‘Pisk” at Glagovica, several slate (and allied material) 
colts of the shoe-last type and forms denved therefrom, as 
well as two perforated axes of quarlntic stone. 

(lii). “Gloiar" at Negotm, apparently Neoblhic sherds 

(iv) . "Grad" at Tabakovac, apparently Neolithic sherds 

(v) . "Olaborova Glavica” at Klcnovar, apparently Neo- 
lithic sherds.' 

(vi) . "Stmjane” at Osmakovo, drainage area of the upper 
Timok, various Neolithic matenal (incised, barbotme, 
fluted, hand smoothed undecorated wares, altars, weights, 
one celt, one abraiding stone) previously described by me.' 

' OofiisnovK! ind MUenuvIC, 1938. 

' Cf BofdanuvIC uO MUniavIC, tOilS, pp 13-14, surfm Enili, ivportoil by 
Amsteun, msUrtil Id Nil Miucum (op til., p 14) 

'Fevkas, 1938, p. 81 I iodod^ tbta ■!(«, and '‘Tnmiia'' at Kohia, nfr 
iiyWi, In the Moravo-Danubion am to which tto itudy Just cited woa devoted 
linns the Unea of the preenet paper Thli woi done elm^y bevaun both loeoliUea 
fall within a (eogrophle loom which cmhraecc porU of both tin Morava lyrtcin 
and the lower jjtonUan vaDcy. The two illee ore hero mentioned mote for 
enmpliiHw than by n u c wilt y of nltomig their afumneiitluiied geoanphlcal 
phccBMlt. Ai It hopiieni the material from both la equally ehamoterlatlo of 
eltbw periphoy of the two dralaacea (Mmva and Timok) It b Impoeilble to 
draw warp Una of denoreatlon ofalnit dMrlbutlanal evidwea. 



368 VLADIIUH J. FEWKBB 

(vii). "Tumba" at Kalna, dratnage area of the upper Timok, 
Neolithic fluted, bumiabed, and bond-emoothed (plain) 
waree previoualy reported by me.' 

None of thcee seven ntea have, as far as I am aware, been 
investigated in detail, it la not possible, therefore, to present 
any data respecting their deposits The material was 
gathered in surface collecting. “Grad," Miroi, “Piak," 
Glogovica, ''Qlolar,” Negotln, and “Grad," Tabakovac, 
contain Roman and perhaps also later ruins While some of 
the chance finds must of necfsaity be viewed with reeerve — 
especially those of (i)-(v) — the abundance and variety of 
perfectly obvioua Neolithic relics at "Htrnjane,” Osmakovo, 
and at "Tumba," Kalna, both of which, incidentally, have 
been examined by the staff of the Ni5 Museum, warrant their 
aceoptance as Ncohthie sites. The two seem to be rather 
extensive settlements and the matenal found upon their 
surface planes had been turned up in the process of cultiva- 
tion.' They really belong in the category of definitely Neo- 
lithic settlements and are included in the group now under 
discussion for reasons already clarified. 

As has been stated, the interior portion of the Yugoslavian 
possession In the lower Danubian valley is very little known 
from the standpoint of prehistone archeology. A large 
number of sundry sites exists more or lees throughout the 
territory, each with a specific name, and, in many instances 
of masonry rums, also with some local tradition, usually 
claimed to be a Roman survival. In the latter case finds of 
coins, glass, slag, bronse objects, "huge pots” (pithoi?), 
Inscnbed tiles, etc., are said to have been gathered by nativee 
and at tunes by outsiders.' 8onM such material baa been 
preeerved,' but more often it seems to have disappeared 
without trace. Roman oocupatioa appears to have been 
■ FewkM, IBSe, p SX 

'InhmniUuQ hms Nil Minnim, oornepoodaneo me. Cf iln Fawkw, 
nl., p. S2, note 440i 

' Miwh li Hid to have beat oanM awajr Irom tiw oouattr durina Uw World 
Wtr wbOa SorMa waa under mflHaiy oeeupatim. 

* 'Hie Na(o(ln Muieum baa alvaead aovinl aplmdVI asulptuioa and a Tcrjr 
impoctaiit eoUaoUoo of Baibarlo eolna. 
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quite general not only along the Danube but deep in the 
interior as well, and penetrated into the mountainoua dutrict 
evidently in queet of mineral wealth. And it u mtereeting 
to note that m eome of the mines exploited by the Romans, 
prehistoric finds are occasionally gathered. How far inland 
may have reached the various cultural predecessors of the 
Romans is far from clear at present It seems advisable, 
therefore, to record all indications which may lead to a better 
understanding of this matter in the future. 

Ducnption q/' the Neoltlhic JIf aUnal 
The homogeneity of the five definitely Neolithic settle* 
menta, as revealed in their depositional nature, is further 
reflected in the relics which they contain. The two marginal 
settlements (“Htmjane," Osmakovo and "Tumba," Kalna) 
have yielded precisely the same type of rehes as we found in 
(he Oanubian loci. Moreover, the material thus far gathered 
in those places which comprise our category of likely (7) 
Neolithic sites, as well as certain chance collections, also 
show comparable characteristics. The total, therefore, may 
be desenbed collectively The vanous classes of ceramics 
here presented are distinguished along the following qualita- 
tive characteristics, surface finish, texture, decoration or 
embollishmont, shape, and color. While it would be possible 
to arrange a typological seriation this would necessanly be 
quite premature in vtew of the complete lack of stratigraphic 
data definitely established by excavation. Even the signifi- 
cant observation at "Obala-Kusjak," whereby the barbotine 
class of pottery is indicated as the oldest, must be taken only 
provisimially despite the seemingly clearly identified case of 
supeiimpoeltion of layers. Although the stratigraphic order 
noted in this particular instance is indeed significant, its 
precise understanding and intmpretation must not be used 
conclusively wittiout excavating the site and proving its 
depomtional history. We must slso point out that the ma- 
terial here specifically treated represents approximately the 
following propmtlona. “Obala Northeast," Korbovo, circa 
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forty-five per rent, "Obala-KiMjak,” Prahovo, about the 
lame, and the remaining inatuicea the rest.' Nevertheless, 
even the smallest lots ronform to the general character os 
exemplified by the two largo groups In the clasdflcaiional 
arrangement some overlapping cannot very well be avoided, 
but on the whole the several rategoncs, as they are here 
stipulated, reflect fairly sharply defined qualitative 
differences.’ 

* 71118 oTclildc* ihp mAteti&l from Otmakovo» and "Toinbii,'* 

Kalna 

la not A fihnplf mAtUsr to cbialfy pott«iy cm a •atiafaotory ratlonai 
baaifi, becauio Lhp varlcMtii attnlMiiea to be takob Into oobiuloratlQn arc eaeh 
hiKhly variable and do not neoraiaiily oonforn to a ooaffloleiit ol a Htable value 
While t|ualilallve aapnU pmvide a dapendabln meaai with whfoh to attempt a 
rlAMlfloalhmal icnHjping, 14>ey fall to oooatHuU anythiof like a praaorlbed rule 
loaofar aa their Bp^fio application b eonoerood la the pnaant work, the 
Individual qualitative oharaoWlBtkw are not uaed in a coDatani combfakailua, but 
mihftT in ronformity with (ho naerb q( each Individua] rlaia. We ahall m, then, 
that MirfaoA Anbb by biimbkiiix (and ihu manner of Mirtaolng la one of our 
IpiklinR criteria <4 dwtlnctkm) la conmoe to ibo bumlahed ware aa a claim, and 
also to bumifib-dcoonited pieoira, aa woU aa to fluted, Incdaed, and even to bnrbotlne 
pottery I aboukl like to explain, at thb tine, the foilowUiX CechnolotiflaJ terriM 
here uiilLatd In cimnecikHi with pikttty daMMljAioiL Fabric refera to the finlabed, 
fired produei, and w judgM by texture (that la to aay tbe meaeurahto alle of ibo 
ipanuiar or platy peiticlcM aa reveaiod in tbe oraaa aection between the outer 
and Iniinr aurfaers of a flven aainpie), ioduaioni (ta tba ao-callad tempennf 
mcdhim), and Uio nature of firing. It aeeme to me exceedingly dlfficiiH to talk 
of the original rloy, Ita manipulation In pnparaUon of Uie poafa, and tho general 
treatment preceding cooatruotkin, bocauae of the aJterfaif eubwquenUy oeondmied 
by the firing Without adoquate poaiUve datn from vbleb to roeonitniet Ibo 
vnrkMu aUpc ol the puUer*a pmeedure, either throretlcnl or emplrioal attempU 
at an explaiiattcm cannot daiffl aerioua recognition Building eoinotea tbe 
manoer cooairucikHial prooedure wh«evm extant orjlrria permit Ika hlootifi- 
cation With rrapeot to what I call the aegmatal proew of building, K ahould 
be aaid that tUka method oompriac^ infer ab^ true ooUlng, In which aptmlly 
wound filieta uf paatr are dbgnoatle, and tbe dnnut (or bop) variant, to which 
eaob individual fiUrt eqiiab olrcumfcroBce of a given vea ^ at a givon height 
of ite body Ikjih of theac varianU are amply doeunented In the harfaeUiw 
dare hero deaeribed The oolori of nurfaoM are given in the tenna (but not 
■ymbola) of Ridgway, IBIJ. Jo order to predi^ mJaundentandiiiib and to 
foreatall pundblo dlSieultica to tnodatioD to the oaao of tba reader w^ baa no 
aeeeaa to Rldgway'a book, 1 am todudtog, la foot notea, rou^ lynonyma of the 
ton artf-evidoii color valuoa; obvluualy, Uicae a}DoiiyiiiB an not equivaleni to 
Ridgwayi’a ptoloa I am led to ihia atep by eertaln maettona on the part of aome 
of my ^ropean eoUraguoa who, without aeccre to Ridgway^a book, expmlaosed 
aome difficulty m their attem^ to oomprehoful the edior dcaeriptk^ after 
Ridgway, wed in Fbwkea, 1880, pp, 37 (tlm note III) ff Deeptte thia predlea- 
rnent I am convinced of the gcnerml utility of erdor dcecr^riimi on 

with a reongDlaed aoale la any event, 1 am giving only baato oolon and tbdr 
napoctive raagea. 
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(1) Oramics. 

(yl) Pottery. 

(1) The barbotinc rlafia ' 

Thu, the meet cansiantly-rerumng pottery in the 
(utea here desonbed, m perhaps to be understood as 
the rhiof domestic ware.’ It contains organic (chaff 
and grasses) and inorganic (small particles of sand 
grit) inclusions The basic colors range from vinace- 
ous buff * to warm sepia * on the exterior and from 
orange cinnamon to fuscous* on the interior. The 
characteristics just stated are quite typical of the 

^ ’Hw Domcr barboUnc m harp cai^cfyMl io niouitly the neme Beane ma Jt wm 
ftpplNvt to the typloal matenal fmm ''Gnd/* Stertevn, of KevkoBt Qnldmon, 
Flirioh, IMi, pp 43 ff Huwevcv, Ita oriflnel iiUlinetlcm in Yuno^vU !• to be 
emUted tn Fnifmor VaslC, «hn fiml uhS it In liinorlbliis the nniw oImb uf 
pottery which he found cMpRy in the bothne level of "Vlnh", nf VuM, 1032, 
pp 83, 00^1, and PI XXIX 132 », 132 b, nod 133 Cf aliw Kewkoi, 1038, 
pp 27 (thorp note 100) ff It Ik loh-nsttnc to note that In hla Istmt publloaUon 
on “ VlnSa,'' VwlC, lOWb, pp 7 S , PI I, plaew tbn IwrboUne ware at the head 
of hh nindty oaloipirkH of pottery However, he etdl, and nmra emphatleaUy 
than ever, Inahita on hla incredlblp ohopfalao that the lule wnti onglliaUy founded 
at about tlie break from tlut aevnath to the alath omtuiin bc TIa> reader 
cannot help but wunder how and why the excavator of ‘Yinte" which, in lla 
uoueually inetnietlve itcBtiBraphy and in ila rich, dlvemlfled malenal, haa no 
equal on the Daouhe, ooiild have been lo sroeely milled Havins dewted numi 
than one quarter of a century to the atudy of “ Vlnfa," Piufeaear Viald eomn to 
the amaaliif ooneluekio that the aettlmnent waa oatabliahed at a dale aetually 
■unoeedliii the period which, ai he hitnedf orisloaQy etatsd (1000, pp. 282-203), 
and mbaequontly repented (of FWkoi, 1030, pp 601-053), had witnnienH ita 
termlnatlool In hie penunal attack on my nrent paper (Fewks, 1030, eepeelally 
pp. 10 ff ), Vaald, lOash, pp Iv-v, ubvioiady reveila hla fallum to oomnmhsnd 
and apptedaia my ubJecUvea and mntlvatuin wblrh I eapieealy ipedfled (Fewkea, 
lOM, p. 40, aota 237) "The leaulta of the HoavaUone at 1 Inda," we are told 
by Yaald, 1036b, p v, "brovsht forth, aureeaHjvely, more and more proof aplnet 
t^ euatomaiy ‘ichaliatlo' theuriee, and partleoUrly axilnat the datln( of 
Vlnda Into Uw Neohthlr Ase It wia, therefore, only liatural that the new 
data caused an evolutlan In my datlns nf the eatabUehment of Vlnda. 

It le a wen known fact that Vaali, 1^3, 1936, lOSOa, and 1036b, has utterly 
failed to funiJah anythlDg Uhe eon viocliis proof of hla palpably abaurd eon tentioni , 
ef Minni, 1088, and 1937 And the rewisr may lec^ Viatd’i publleatlon on 
‘'nmdai;^'']011, and lla review by Mffiighln, 1918, cf Fbwkee, 1088, pp 54-00 

■Its ehanMar, depodtlonal appeaiaoee, and leofiaphlo dletributlaQ (In 
lower Denoblaa Yu(ailavla, at any rata) are eondudve to a statement that this 
elaei of poltaiy le very likely to be viewed as the chief ware of the primary Neo- 
Uthhi eattlan hi this nstoo. 

•FInkUi-buff 

4 c* I- 4 

mwii UIUOUL 

' Dark bninilah.srsy. 
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class BB a whole, irroapective of surface treatment. 
However, on the basis of surfacing the following sub- 
divisions are recognisable: 

(a) Positive applique. 

This category comprises several variants which 
have a common bond in the manner of their surface 
finish The potter added to the outside of the 
wall a quantity of paste, the conalltuent quality 
of wbch did not differ from that of the body of 
the plastic vessel, and worked over it to produce 
either a positive or a negative relief. Conse- 
quently, we distinguish the following distinctions 
in the ware so treated. 

(i) Streaking. 

This treatment was accomplished either purely 
manually, and then we speak of finger-stroked 
streaking, or with the aid of a tool, such aa a 
stick of wood, a spatula (wood, bone), etc; we 
may call the latter practice tool-treat^ streak- 
ing, always remembering, however, that the 
paste medium with which the applique was 
affected was added by hand. Reconstruotively 
— according to inductive tests — this peculiar 
manner of surfacing may be described as follows. 
Over a handsmootbed surface the potter apphed 
a thin coating of pasts so as to cover the entire 
area to be subjected to barbotioe treatment. 
Then, by allowing additional similar paste to 
oose out between her fingers as she pressed a 
small quantity held in hand, she superposed, 
upon the coating, a series (A ridge-like formations 
in positive relief. These she • subsequently 
bonded with tlu surface coating either by finger 
or tool stroking (PI. 1' 1-4, 8, 0, 11, 14, 20, 23, 
PI. 11: 7, 9, 10, 13, PI. VI: 8, 6, and Fig.«.- 1-3). 
The marks left by the stroking process are as a 
rule clearly distinguishable megnscopioally; In 



NEOLITHIC SITES 


371 


certain border rases microscopic examination 
must be made to determine the technique. 

(ii) Dimpled and/or pinched treatment. 

A finger tip, finger nail, or sometimes a tool 
wore used to affect this manner of barbotine 
surfacing, again upon a previously coated sur- 
face. Additional application of paste to the 
coated area was often, but not always, accom- 
plished (PI I 10. 12, 13, lb, 21, PI. VI- 1, Fig. 
O: 4, and Fig H 1, 4). 

(ill) Lumpy treatment. 

This consists of adding, upon a coated surface, 
a series of dabs of paste, either hand shaped or 
allowed to ook out of the hand and to drop on 
the wall; m either case subsequent adjustment 
depended on a purely manual mampulation. 
The lumps are rather irregular m site and shape 
<n. I 5, 22, PI. VI: 10.) At times the arrange- 
ment depends on aligned apphed warts in com- 
bination with incision (Fig. O 5). 

(iv) Applied ridge (or band). 

In this category the positive applique is added 
over a previously coated surface m such manner 
that the relief stands out as a strip, band, or 
ridge, the surface plane of surh an addition is 
often embellished by indentations (finger tip, 
finger luul, tool) or by positive relief (PI. I: 6, 7, 
PI. HI: 10, 12, 18, PI. VI: 2, and Fig H. 2, 5). 

(v) Scattered applique. 

When the positive application of the barbotine 
treatment is done in such manner that a con- 
scious effort at arrangement along the lines of a 
streaked effect is absent, we speak of scattered 
applique (PI. V : 1). IIm finishing technique 
is eswntially the same as in streaked embellish- 
ment. 
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(vi) Rosette 

EmployinK the principle of an applied ndge 
the rosette is hand-modeled into the shape of a 
disc or oval and then embellished by dimpling 
(PI III 8, and Fig A 2). At times additional 
appendages radiate from the body of the rosette, 
however, this particular feature is not a lug 
irreapcetive of its sise and shape. 

(vii) Miscellaneous applique 

This iucludes such arrangement as the face- 
like effet't shown on PI III 0, and rombinations 
of two or more of the variants previously 
described 

(vui) Incised and grooved treatment. 

Incising IS done with a sharp tool, presumably 
the sharp edge of a cutting implement. (Iroov- 
ing, on the other hand, is dependent upon a 
blunted tool. In cross soetinn the furrow of 
such tools IS V-shaped (or at least semi-V- 
shaped) in incising and either semi-circular or 
semi-oval m grooving. In the barbotine class 
of ware such embellishment is invariably exe- 
cuted over a paste-coaled surface. Another 
readily-distinguishing criterion which contrasts 
It with the incised ware of the " Bandkeramilc ” 
style IS the pronounced crudeness of its techni- 
que. As far as I am aware, moreover, the 
barbotine incieed and grooved embellishment 
runs exclusively along rectilinear patterns. The 
examples here illustrated (PI. 1. 15, 17-10, and 
Fig. F; 1, 2) are quite charactenstic. 

(ix) Plain barbotine ware. 

The readily distinguishable qualitative charac- 
teristics of the surface coating — the "leading 
fossil’’ — of the barbotine ware enables us to 
segregate Its plain, that is to say uuembellished, 
variant. The manner of surfadng ranges from 
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"rou^,” t.« either non-bun d-imoothed or 
brushed (apparently with some vegetable fiber 
medium), to hand emoothed (identified by 
finger Htrlationn), and even to bumuhed (with 
a tool, of courae) In any case the surface 
coating always precedes the surfacing proper.' 
The following illustrations represent plain barbo- 
tine ware' PI II 1-6, 8, 11, 12, 14, 15, 10, 20, 
PI. V - 4, 22, PI. VI 3, 4, 7-14, 10, 23. 

With respect to forms of the barbotine ware — 
spealiing of the class as a whole irrespective of sur- 
facing —It IS not yet possible to present a conclusive 
deduction. The profiles here shown (Fig. C 1-3, 7, 
9, 12, 20 23, 25, 27, Fig E 6, 9, 13-17, Fig. F 1, 2, 
6-8, 14, 15, 17, 20, Fig. G 1-4, and Fig H 1-10), 
either nm or bottom fragments, bespeak essentially 
globular shapes, more or less ablated, sometimes 
profilated to assume a distinci shoulder, or ovate and 
even conical shapes. The bsso is either rounded, 
slightly curved, or flat, pieces with a flat base often 
have a short, cup-like pedestal, or a cousiderably 
thickened bottom. The latter instances ore in- 
variably accompanied by a peculiar feature which 
seems to be a prominent entennn of the ware as a 
class. This consists of a composite process wherein 
the actual bottom of the cup-base nr thickened-base 
ware is mode by bonding two disc-like pieces of 
paste, one applied from within the vessel and the 
other extenorly, subsequent to the erection of at 
least the lower portion of the wall. With a cup base 
vrasel such an operation should have involved a more 
delicate procedure because of the height of the 
pedestal which often exceeds 0.05 m. In flat bottom 
pieces, on the other hand, the manipulation may 

'At “Onul,'’ Storjavo, • ehroanlogle*! and tjrpolctioal nqwaoe ksduis 
from uoamoatlitd to wnnothnd ud to bumuih«d nirfacuig 1« qullo obvunu 
tn tbs rochsi isids diMumdon, howover, tha matwIaJ It yrt biadequ^ to wtmnt 
t aimllar daduetlon daidU tbo tUBeativa eomlstea thut far obaarvod. 
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have been relatively aunple. In either caae the 
embrionic, plaatio tectomorph had an opening at ita 
body baae whirh was not closed untd the composite 
bottom was conatnirted in the manner deacribed. 
Obviously, the traces of the process are most readily 
revealed m a fresh section of the fabric (PI. Ill 7), 
and often also auperficially by the bondiiig joints. 
(A binocular microscope is especially useful in 
examining the pieces for criteria of constructional 
methods j 

The surface coating is a diagnostic charaotenstio 
of all barbotine pottery; it resembles, especially when 
quite thin, a sLp. But the coating is not qualita- 
tively different from the core of the fabric, although 
there is an obvious contrast in color which is at- 
tributable to tho firing. 1 am unable to state, as 
this paper goes to the press, whether or not there are 
any instances of qualitative differences between the 
coatinga and the cores. Until adequate technological 
studies are completed it is not possible to be con- 
clusive in this matter. The thin-eections of a 
representative senes of samples selected from the 
barbotine ware from “Grad,” Stardevo (vidt Horton's 
Appendix, tqfra), all of which find duplication amid 
the matenal under disciuaiDn, uphold the results of 
my preliminary examination of the material from the 
lower Danubian sites in Yugoslavia.' 

Extant criteria of the manufacturing technique 

‘ Thrau)^ tin oovtogr ol tttj uoUwsob Mr Donald Horton, which I borabj 
gntefuOr uknowMio, H bcoofflei pooilble, on thli aonrtoo, lo iDOmporstB hori 
the MoomiBiiylBi Appendix denllni with oortibi raleraerapie ttodlee of the 
berhotlaeamideifroni ‘'Ond,''StarJeyio. Ifaaaeooploilly, (he tower Ohoublm 
matertni raveob no niheturthJ diBerenea fron the MnHIevo sertw. It <■ eon- 
oeivehle that In any of the eemal loel ooneerned, vlittinHy, II not loBy, Identical 
raw matarlali may havo been available. Knpa rt meiite with eamide daye fnim 
StarSevo atnin(ly enKert that a oonbloatlaa of low* end (op m (oined ^ 
bade of the Neolithic pottar’f peeU (or the baihotloe wan. However, farther 
to c hnolog i cel rtodlee ai well ii Indortloai are norwiy lo endw to arrive at a 
conchalTa (denttfloatlon of the mw materlalo enplnyed it the itte difftng Iti 
NeoUthle eiMenee. 
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reveal that the barbotine ware waa made by aegmen- 
tal building which depended on rolled filleta of paate. 
The circuit variant eeema to have been more in vogue 
than true coiling (vide note 34, supra), although the 
latter ia amply documented. The separately filled 
bottoms and the small vessels were produced by 
hand modeling (direct shapmg). 

The barbotine class of ware has been ascertained 
in every one of the definitely Neolithic rites here 
described (reconnaissance of the American Expedi- 
tions and the Negotin Museum), but not, as far as 
I am aware, in any of the likely (7) Neolithic sites. 
It also appears at "Stmjane,” Oamakovo (NIS 
Museum — see Miscellaneous Hites, supra). 

(2) The incised class 

This, the most sparsely represented clan in the 
rites here considered, foils within the unsatisfactory 
but well rooted concept of ‘‘Bandkeramik’', or 
perhaps spiral-meondric Danubian. Its decoration 
embraces well conceived, often complicated designs, 
executed, as a rule, in fine technique; and it stands 
out in sharp contrast to the crudriy incised barbotine 
pieces. A further pronounced difference between the 
two categories lies in qualitative properties. The 
incised class has a finer fabric (texture), a higher 
degree of compactness, and is almost exclusively 
burnished. Its inclusions consist of a greater pro- 
portion of mica (which may well be a constituent of 
the original clay), sand grit (and other minerals yet 
to be identified by petrographic studies), but rarely 
chaff. There is no unambiguous proof of a slip. 
However, in certain instanoee the mechanical agency 
of pebble (7) or other tod-bumiriiing produced a 
surface “film" which is clearly differentiated from 
the core of the fabric. Surfaces ao affected are 
indubitably reoi^niaable by acoeilerated compactness 
of dieir texture, the marks left by the tool, and — in 
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Hection — by their thickness. However, the color of 
the fabric is entirely independent of the manner of 
surfacing 

The incised ware is often excessively carbonized; 
certain examples bespeak a fuel-smoothed firing 
process. While a superficial observation suggests a 
higher degree of heat than in the barbotine class, it 
IS necessary to defer conclusions regarding this aspect 
until technological studieH have been completed. 

The basic surface color ranges from ivory yellow 
to sepia or from stnoko gray to deep smoke gray on 
iKith surfaces 

The decoration depends on an mcismg technique 
executed with sharp tools which may have been made 
of stone, bone, or wood The examples thus far 
noted in our area show both curvilinear and recti- 
linear motifs. The complete vessel from “Obala 
Northeast” at Korbovo (Pi. V‘ 16, Fig. B: 3) > il- 
lustrates both motifs. lU multiple-line splraliform 
produces six honsontally placed S-spirals, each 
defined by a band, and containing either one or two 
additional lines within the band, roughly paralleling 
the curvature of the main figure. The individual 
spirals are mutually interlocked within their bends. 
This design occupies a greater portion of the spheroid 
body of the vessel At the base are four honiontal, 
more or less parallel lines surmounted by band 
chevrons at four equidistant places Above the 
spirals, upon the shoulder, runs a series of low joined 
arches consisting of three parallel, unbroken lines. 
Immediately below the junction of the shoulder and 
neck are four horisontal, parallel linee,' under which, 
appended to the lower margmal line, hang band chev- 
rons placed opposite to similar (but reversed) figuree 
at tlu base. The horiiontal plane of the squanah 

' ChiDoc And, pmohued fmo a pcMsat with nUstds infonnstloo m to Its 
imvcnlenr*, depoahed In NeaotU Huwuni 
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platform is derorated by five groups of parallel, 
straigbt lines, comprising either quadruple or quin- 
tuple arrangement (Fig. B* 3). 

In a specimen from “Zidinje” (“Glamija”) at 
Vajuga (one sherd, not illustrated here) the preserved 
portion of the design reveals a rectilinear motif 
arranged in bands and a single line convolution 
The human figurines from "Obala Northeast,” 
Korbovo, see xnSra, also illustrate the nature of 
mciaed decoration. 

Band chevrons filled with dimples appear on a 
sherd reported by Vast6 as “from Korbovo ” ‘ 

The forms of the Incised ware are chiefly globular 
The intact specimen from “Obala Northeast,” 
Korbovo, may perhaps be desenbed as a cruse or a 
bottle shape It has a pecuhar horisontal platform 
with a circular orifice in its center The neck is 
gently profilated, and meets gradually with the 
shoulder which, in turn, continues to broaden out to 
produce the belly. The bottom is flat Otherwise 
the sherds suggest only spherical and seini-sphencal 
shapes. 

No observations are yet available insofar as nms, 
lug-handles, or handles of this class are concerned. 
In one rather questionable example from “Obala 
Northeast,” Korbovo, a cork-shaped lug is fairly 
well, although not absolutely conclusively, indicated 
on a danoaged sherd. And there ore no dependable 
signs with which to judge the manufacturing techni- 
que of the incised ware 

In distribution the Indeed ware is represented at 
“Obala Northeast,” Korbovo, “Obala,” Kostol 
(both definitely Neolithic sites), and at "Zidinje” 
(“Glamija”), Vajuga (a likely [?] Neolithic site). 
In the upper Timok drainage it appears at “Strn- 
jane,” Onimkovo (rids tupra, Misc^aneous Rites). 

•Cf VtM, ieio,pi vni-ae. 
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(3) Fluled and nbbed ware 

The fabric of thut claea cloaely amimilatcs that of 
the incised pottery. The basic colors range from 
drab to olivaceous black on the outside and from 
pale neutral gray to dark neutral gray on the inside. 

The decoration comprises rather shallow, broad 
fluting executed either with the tip of a finger or with 
a blunt tool The nbbing produces positive applique 
when additional strips of paste are bonded with the 
surface, otherwise the relief is negative, being duo 
wholly to the fluting, in which the surface plane of 
the ribbing docs not protrude above that of the 
surrounding area of the wall. In all cases thus far 
observed the decorative motifs run on a straight 
line, forming either parallel arrangements or tri- 
angiilar figures (Fig A 5, 7, and PI. IV: ‘.1) 

The must common form is a bowl with a dilTer- 
entiated, vertically drawn neck, a gently rounded 
shoulder, and either an ovate or conical body. In 
cross sect.ion of ^ho shoulder the thickness of the 
wall within the acute profile ("break”) is invanably 
greater than that of the rest the body. This is 
an outstanding characteristic of the fluted and 
nbbed wore throughout the Danubian area. As 
yet, however, the angular shoulder proflle, so prev- 
alent in the Moravo-Danubran area,' has not been 
noted in the region under discussion. On the bads 
of the peculiar shapes common to the fluted and 
nbbed wore (Fig C. 4-fl, 14-17, and Fig. Fi 18) it is 
usually quite simple to recognise sherds of this 
category even when they are without decoration (PI. 
IV. 4, 6, 7-12, 14, 16-18, 23). 

The bottom is invanably flat and the rim is either 
rounded or flattened and thinned or thickened, but 
only rarely fashioned into a distinct lip. 

No lugs have been observed in this category thus 
‘ Ci Kswkm, 19M, pp 30 
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far. There are, however, a few instancea of small 
band handles attached on the shoulder. 

There were no dependable traces of manufacturing 
technique among the pieces which I have exanuned 

The fluted and nbbed ware has been found at 
“Obala Northeast," Korbovo, "Obala," Velesnica, 
and " Obala,” Koatol — all on the Yugoelav bank of the 
lower Danube-- and at "Stmjane,” Osmakovu, and 
and “Tumba,” Kalna, both m the upper Timok 
drainage (rernnnaiSFani'e of the NiS Museum). 

(4) Burnished ware 

Thu category includes pottery surfaced by tool* 
compacting hberally executed more or less over the 
entire wall of the vessel, predominantly on the out- 
side, but often also on the intenor. Although a 
varying degree of luster is usually present this need 
not necessarily be due to the techmque involved, but 
rather to a separate agency (pohshing) Provision- 
ally three grades of burnishing may be recognised* 
low, medium, and high These are dutinguuhed 
by surface appearance, tliat is to say by the marks 
left by the tool, as well as by the degree of compact- 
ness, but they are independent of luster which itself 
can be grouped into at least three catcgoncs The 
burnishing process consuts of rubbing the plastic 
(preferably, although not absolutely necessarily so, 
moistened) surface with a hard medium (bone, stone, 
wood) in such a manner as to compact the paste so 
affected to a higher degree then can possibly be don 
merely with hands. It is the pressure, rather than 
faction, that achieves the desired result. A moist 
surface is, quite naturally, best conducive to such 
procedure, and if burnishing follows tectonic opera- 
tion before air drying has advanced, the potter need 
not be obliged to wet the surface in order to “smooth” 
it with a tool. 

The fabrio of the burnished ware is of fine texture; 
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mica (constituent?), sand gnt, and other minerals 
are represented among the inclusions The baaio 
color ranges from pale smoke gray to chaetura black 
or from drab gray to fuscous on either surface. 

In a meretncious sense burnishing may be viewed 
SB having a certain esthetic value. Combined with 
muttbng and luster it certainly produces a striking 
effect It IS often the manner of surfacing alone that 
distinguishes the burnished class from other wares 
of similar shapes and fabric. 

The forms arc globular jars, conical or ovoid bowls, 
low casseroles, and cups. All have a flat bottom, 
and the nms are either rounded, flattened, or slightly 
drawn out and everted (PI. Ill 1-7, 16, 17, 19, 20; 
PI IV. 6, 1.3, 16. 19-21, PI. V:8, 13, 14, 16, 17, 19, 
20, 23, PI VI 15, 20, 21, Fig C. 8, 10-13, 18, 19, 24, 
20, 28-30, Fig E. 12, and Fig F. 3, 4, 9-13, 19, 21, 
22 ) 

Plain lugs, either rounded or cork-shaped, some- 
times with a depressed margin or slightly turned 
upward (PI V. 17, Fig. E: 1-6, 7, 8), ore common. 
Handles, roll or band varieties, ore iqipended either 
wholly on the body or looped from shoulder to rim, 
and often have a wart-bke protuberance surmount- 
ing the honsontal plane (Fig. D. 1-6, 8, 9). There 
are several examples of spout Itigs (PI. IV: 16, 19-21, 
Fig D. 11, 12). 

The pedestolled pieces have a foot constructed and 
shaped in the same manner as already described 
under the barbottne category. The bumisbed pedes- 
tals, however, present a greater variety of form and 
are often much more slender (PI. III. 1-7, Fig. F: 11- 
1.3, 19, 21, 22) 

As far as con be ascertained from extant traces, 
two techniques of manufacture are manifested: (1) 
Direct shaping by hand modeling; (2) segmental 
procesa depending on a fillet, and comprialiig both 
apiral coiling and circuit building. 
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In distnbution the burnished ware has a wide 
representation It appears at every one of the five 
definitely Neollthlo sitos here treated, as well as at 
“Tumba," Kalna (upper Timok), and at our bkely 
(7) Neobthir sites of “Zidinje” (“Glamija”), Vajuga, 
“Obala Southwest," Korbovo, and "Kurvin Grad," 
Mala Vrbica. 

(5) Burnish-decorated ware. 

There are only a few sherds of this class among the 
material I have thus far examined. They are all of 
the same color ranges as the burnished ware, Insofar 
as the ground is concerned, the decoration proper, 
however, is predominantly blackish mouse gray — 
thereby contrasting sharply with the rest of the 
surface The fabric and iiicIubiodb are of the same 
nature as m the burnished ware. 

The decoration consists of lustrous, straight line 
or arched strips arranged in parallel groups and 
localised on the belly of the vessel in a vertical order. 
The ground of the wall is either lightly burnished 
or simply hand-smoothed so that the contrast be- 
tween the two treatments is indeed conspicuous. 
Inasmuch as the difference m color between the 
decorated and undecorated sones is so pronounced, 
it appears — on mogascopic examination, at any 
rate — that a colonng medium was employed In 
connection with the bumuh-decoratiug technique 
Until a dependable senes of samples is available for 
the necessary qualitative analysis, no conclusive 
technologioal deductions can be made. 

There are no restorable shapes, neither bottom nor 
rim pieces. Likewise, lugs and handles have not 
yet been noted. 

And there are no dependable criteria of the tech- 
nique of oonstruction, although true coiling is feably 
suggested in one sherd. 

The burnish-decorated pieces here described and 
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figured (PI IV- 3, Fig. A. 1, 3, 4, 0) come from 
“Obala Northeast," Korbovo — a definitely Neo- 
lithic site. 

(0) Hand-smoothed ware. 

Under this category are included shcids which 
cannot bo placed in any of the previously discussed 
groups It IS liicely that some of the matenal may 
represent distinct categories, but at the moment 
there are no adequate grounds for any spocific 
( laasificational subdivimons 

The fabrics of the hand-smoothed ware are rather 
courser than those of the embellished or decorated 
classes. The incluaions vary from rough pieces of 
sundry rruncrals to fine sand gnt, and from chopped 
straw to chafl Mica (constituent?) is present in 
many instances. 

The basic surface-color ranges from drab gray to 
fuscous, or from palid mouse gray to blackish mouse 
gray. 

There is, as a rule, no embellishment, the surfacing 
bemg confined to smoothing by plain hand (identified 
by stnations) which may have been incidental to the 
shaping process. In two instances we have basket 
impression appoanng on the outside plane of bottom 
pieces (PI. V. 18, 21). 

The shapes mclude broad bowls of a conical form, 
large vessels of the pithos type, cylindrical cups, and 
heavy plates. Flat bottoms predominate in all but 
the pithos-bke pieces where they are oval, the rims 
are cither rounded or flattened. I^lain lugs and roll 
handles ore common. In short, the hand-emoothed 
group represents somewhat of a medley of features, 
rather than any outstandingly charactenstic (save 
the surfacing) (Ustinctions (PI, II; 16-18; PI. Ill: 11, 
13, 14, 16, PI. IV. 1; PI. V: 8, 0, PI. VI: 18, 22; Big. 
D- 6, 7, 10; Big, B; 10, 11, and Fig. F: 16). 

The manufacturing technique, the traces of which 
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are often very well preserved, depended either on 
direct shapinR by modeling or on spirally earned 
roUing m which rolled fillets were employed, being 
connected by overlapping 

Distribution; Ail of the five definitely Neolithic 
silos, "Stmjane," Osmakovo, and “Tumba,” Kalna 
(both upper Timok drainage — matonal in NiS Mu- 
seum), "Uloiar,’* Negotin (material in Negotin 
Museum), and “Grad,” Tabakovac (matonal in 
Negotin Museum) 

{B) Figurines. 

Among the human figurines wc have several head 
fragments and torsos, all from “Obala Northeast,” Kor- 
bovo. The torsos have a flattened body, short, stump- 
like arms, and a broad neck (I'l V.2, h'lg B, 4, 
PI. V 9). The heads are of two vanetics. One has a 
stylised form, flattened on the top and back, and with 
very httle facial modehng (PI. V’ 5, Fig. B 2), while 
the other represents a more realistic, though rather 
crude, product with a rounded face, depressed eyes, 
and modeled nose and chin (PI. V' 10) 

Tho decoration of these figurines consists of recti- 
bnear and curvihnear incising executed in the manner 
of the incised ware Meandric and spiraliform motifs 
predominate The nature of the decorative features 
(as well as color, fabric, and degree of firing) certainly 
bespeak close relationship between the figurines and the 
incised class of ware. 

The two meompete torsos from “Kurvin Grad,” 
Mala Vrbica, figured by VBai6 ' suggest Neolithic 
provenience. The one with short, stumpy arms' is 
eepooiolly similar in shape to our specimen (PI. V 9) 
illustrating this type. 

There is only one Booniorphic figurine from the region 

' VuM, 1910, Ft IV. is uul 19 >, b, tnt pp B uid 7, whan tho author 
eowldan both ■pec i intni as eamplea of "extmm doganeratloo of tbo unial 
*2uto Brdo’ typo of figurine.'' 

■/Ud, FI IV 18. 
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under discuBsion, also from “Obala Northeast," Kor- 
bovo. This is a seated specimen with a well modeled 
head, the face of which is drawn out into a snout, and 
with outstretched stumpy legs (PI. V'7, Fig. B: 1), 
without decoration 

As far as can be observed from revealed critena, the 
hgurines appear to have been made by plain hand 
modeling and out of one lump of paste Joining of two 
separate halves, so common in the Moravo-Danubian 
area, has not been observed thus far In surface 
color, texture of the fabnc, and nature of firing, the 
figurines assimilate the incised class of ware. 

(C) Altars (or tables). 

These specimens are of the tri- or quadri-footed 
vanety with a tnangular or rectangular platform 
which IS either planed or somewhat depressed. The 
decoration consists of incised, rectilinear dengn. The 
legs are either triangular or rectangular In honsontal 
cross section (PI. V. 11, 12; Fig, A: 8). 

In manufacturing techmque, nature of firing, fabric, 
and general appearance the alters (tables) closely 
approach the figurines; in other words they also fall in 
the category of incised ware. 

(D) Spindle whorls and weights. 

Bicomcal spindle whorls and discmdal weights are 
represented by a few fragments from "Obala North- 
east," Korbovu. These do not allow any deductions 
except to say that in fabric and shape they conform 
to the usual Moravo-Danubian specimens ci the kind. 

(II) Stone artifacts. 

(1) The axe-shaped specimen of marble from Vasid’s 
“ Korbovo,” ' presumably an amulette, may have been 
found at the site of "Obala Northeast," Korbovo. 
That is to say it would readily fall within the Neolithic 
contexts of ttot site whereas it would be difficult, at the 
present, to associate it with "Obala Southwest," 
■ VhU, 1«10, n V 77, tint p. U; >1 m> VuU, IBOO, Fig 11 . 
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Korbovo. The specimen has several very close anal- 
ogies at "Vinia.” ‘ 

(2) The celts, invariably of slate, shale or allied material, 
are either of the shoe-last type or trapcioidal in shape 
(PI. IV' 22, Fig. E' lA-21). And there are modified 
forms derived from these two, meet characteristic 
forms. The celts have been noted at every ono of the 
five dehnitely Neolithic sites, at “Pisk," Glogovica 
(material in Negotin Museum), and also at "Stmjane,” 
Osmakovo (upper Timok — material at Ni5 Museum). 

(3) Knife blades (some poMiibly scrapers?) of flint and 
related hard stone (Fig F 23, 24), are common to all 
of the five definitely Neolithic sites. 

(4) Milling atones and quems of limestone and sandstone, 
roughly rectangular in shape, are common to all 
definitely Neolithic sites. I speak of those which we 
actually observed tn n(u within wholly Neolithic 
deposits Otherwise it would be difficult to perceive 
the relative date of such pieces. 

(HI) Bone artifacts. 

With the single exception of "Obala Northeast," 
Korbovo, where we found two bone awls tn atfu in 
Neolithic deposits, this category of matenal, although 
by no means infrequent, cannot be safely assigned 
a relative date. The same may be said of stray 
fragments of red deer and roe deer antler pieces with 
traces of human workmanship which we noted at 
"Obala Northeast," Korbovo, and at "Obala Kuejak," 
Prahovo. 

(IV) Miscellaneous. 

(a) Wall plaster. 

Fir^ fragments of wall plaster, with twig and post 
impreoions, rather coarse in texture and very unevenly 
fired, have been observed tn stfu at every one of the 
five definitely Neolithic sites The inclusions consist 

■ Cf VaiU, 1608, pp. 69 if ; sbo onpubllahed speoimnu in the Univendty 

Mwetim nad NsUtoal tfUMuai, bothnt Be^nuls. 
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either of minerals or orKanic admixtures such as chaff 
and other vegetal material. It should be possible, 
with a proper techruque, to pursue botamcal identi- 
fication of the flora represented therein. The plaster 
offers direct evidence on the manner of constructing 
dwellings, daubed wall, over a wattled frame work, 
supported by heavy posts, seems to have been most 
prevalent. 

The seeming appearance of artificially fired floors 
suggestive of “Vinia” parallels in this peculiarity is, 
as already stipulated, not yet to be interpreted con- 
clusively 
(b) Metals 

There are no traces of copper or other metal attribut- 
able to the deposits of any of the five definitely Neo- 
lithic sites. At “(irad,” Miro£, two shaft-hole axes 
of (7) copper — the celebrated "Hungarian type" — 
have been found (specimens in Negotin Museum), but 
nothing seems to be known with respect to their original 
deposition. Conceivably, such axes may well belong 
to Neolithic contexts. Additional, similar shaft-hole 
axes, agam of (7) copper, havo been collected in the 
virinily of Zajefar, r e. to the south of Negotin (speci- 
mens in Zaje^ar Museum).' 

Discussion 

In view of the strictly provisional nature of the observa- 
tions hero presented it is not plausible to proffer any definite 
conclusions. The evidence of Neolithic economy m the 
several instances just dealt with does, of course, furnish a 
useful basis for further mvesUgation. It indicates the signal 
importance of the Yugoslav portion of the loWbr Danubian 
vaUcy in Neolithic and later culture history. While certain 
deductions can be drawn and some general developments can, 
'to a greater or lesser degree, be perceived, their elaboration 

■ Cr Fswka, tests, p SS -Anslym of iny of Umm sus have not basa 
mads; btnes U» qusstloo marii nssniliig ibslr eonpoiltioii. 
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at this time would have no more than a tentative value. 
8tnotly objective interpretationa are not attainable until 
actual excavation reveals fully dependable stratigraphic and 
chronologic factore. It should then become possible to 
segregate mtroduced traits from endemic accomplishments 
It would be absurd to insist on “feelings," “views," or 
“opimons" in such matters, the existing, inadequate factual 
orientation would render them premature and subjective. 
But it does seem permissible to discuss our subject matter 
from the standpoint of general relationships with develop- 
ments in adjacent regions. The provisional value of our 
data must be stressed once more, moreover, it is necessary 
to stipulate the empirical nature of the broad contentions, 
especially those regarding the cultural complexity and the 
type of economy at sites 1-6. To pursue this end, it is con- 
venient to summansc our observations. 

The Yugoslavian portion of the lower Danubian valley 
18 adjacent to (he southern side of the nver between the Iron 
Oate and the mouth of the Timok. The length of the Danu- 
bian bank within these hmits totals roughly lUO km. Within 
this length we now know five rather extensive Neolithic 
settlements, all with like dejioBtts and rehes Fifteen other 
localities — a-h of our likely (7) Neohtbic sites, i -v of our 
miscellaneous sites, and “Jelafi" and "Biljevina" near 
Velesmca- -all potential sources of Neolithic remains, require 
identification of corresponding dejxieits which may or may 
not be there In the southern jieriphery, on the upper 
Timok, two Neolithic sites have been recorded.* There is, 
then, an impressive number of sites within a fairly small 
area. These — takiog into consideration all known pre- 
historic sitee in the region — bespeak extensive settlements 
well separated from one another. Having examined several 
kilometers of exposed profllee of these ntes I am convinced 
of their permanency in aboriginal times. Thu u not a feeling 
but an oinervatum of what appears to be on hutorical fact. 

■ Rsaords of tb« NU MuMum, oouUlDlBg raporU co irefaieulaelal fiiKb 
mibmltted tqr imminimtl ofian, Indinte ttiat aliiilkr litM probablr eibit farUm 
doTTD the Timok u (roll, IntonmUon fnm NIi Munum, compondeDce 1936 
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Moreover, the defimtely Neolithic Bites reveal an ioterestlDg 
phenomenoa; their lowest deposits (as brought to view by 
erosion) are charactonsed by pits alone. This is true of 
localities 1-5. And it is in such deposition that the barbotine 
class of ware occurs most constantly. Presumably, these 
pits (bothroi) are the remnants of Bemi-subtarranean dwell- 
ings.' The nature of I heir original superstructure remains 
unknown (although by no means unascertainable, provided 
that proper tochmque of excavation be apphed), it is of 
interest to note that nowhere in the region under discussion 
did we find traces of posts m association with pits. With the 
exception of "Obala," Kostol, the other definitely Neolithic 
sites contain remains of dwellings with a packed (sometimes 
perhaps [7] fired) floor, apparently without sub-pita.' And 
with these associated post molds have been identified. The 
two types of dwelling thus distiiiguished document two stages 
of architectural history. Huts depending on bothroi un- 
doubtedly belong to the primary Neolithic occupation at all 
our sites (1-5). Houses ' with Soon, on the other hand, are 
stratigraphiually younger, although still fully Neohthio, in 
four out of the same five sites. The exception is "Obala," 
Kostol, and this is only provisionally so. The most oharac- 
tenstic pottery of such houses is no longer only the barbotine 
ware— which, alone, seems to be an exclusive class of the 
bothroi— but predominantly the incised, fluted, burnished, 
burnish-decorated, aud hand-smoothed categories. Figurines 
and altars (by fabric members of the incised claa) are like- 
wise found in houses rather than in pits. These observations 
tugpesl a relationship between type of dwelling and distinct 

‘ Thrii type hu s wide doWbuticm both In ipnee ud time —At " VblSn'' 
bothroi unqt^onsbly urtedste houMi with loon (s( VsilS, 1983, pp. 10 A 
■nd 101 A , aho Vewjui, 1S3JI, pp 688 A ); thli 1) oqniUy tow ew n A net 
■Iwty* recopDlied — of othor Duuite bHw ol n Neeiltlile dale *AiMlat“Vin4a” 
buboUna wan of Identical nature wtlh that frm ‘'Ond,” Btartavo (Fmrkaa, 
Oaldman, Ehiiob, 1983, pp 48 A ), oertalnly baloap anntlaOy to the boUma 
ntreau, ef Vaald, 19381), pp. 7 A and FL I 

'Tbeae aaalmllate, on a amnllrr aoah, tha mnnanta of houaaa at "Vlndn” 
rsvetM In eortleal profllm, d. VaaM, 1S88, Fb 0X111 and CXIV 

■I oaa tho dtotfautlon botonan hota a^ bouam In tha atm arUtoniy anaa 
aa in Fcvka, 19SS, pp. 686 A 
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nrareii which is so obviously recognissble at "Vin2a I 
refer to "yin6a" because that site has been explored on a 
larger scale than any other of a similar date in the entire 
Danubian area. This, however, does not imply that similar 
depontional conditions necessarily exist in other Danubian 
stations, the question requires specific field investigation. 

Sites containing Neohthic matenal comparable to that 
found in the Yugoslavian portion of the lower Danubian 
valley exist on the left (Roumanian) bank of the corresponding 
sector of the Danube. Several are reported from the virimty 
of Turnu Severin ; ' an extensive settlement is known at 
Hinova,' and another on the island of Corbului, opposite 
Kurbovo* And similar sites are known on the Bulgarian 
bank of the Danube (and m the interior) eastward of the Timok 
on to the Vit.' In either series, however, we have no reliable 
information with respect to the nature of the deposits; nor 
have any of these sites, as far as sources show, been systemati- 
cally excavated Nestor states that the Boian phase, which 
18 said to mark the imtial Neolithic development in central 
Walaohia and in central Bulgaria (north of the Balkan 
range), does not show any tnuts ascribable to his "Vlnia 
IvTurdav I — Kultur." ' At the same time, however, Nestor 
holds that a Vinia-Boian A relationship is not to be denied.’ 
The latter view finds a support in Mikov's observations.* 

Gose parallels to the various classes of ceramics (and other 
trails) appeanng in Neolithic rites in lower Danubian Yugo- 
slavia are found in western Walachia,' SiebenbUrgen," the 

■ Cf Fnrksa 1930. pp 000 B , uid 1936, pp 19 S 

• blnlelU, 1934, pp. 380 S 

' Koclor, 1933, p 34 

• BlnSaiU, 1934, pp 383 IT Cf. al» Fians, 1932, pn 00 fl , fm' rartaln 
BihIk from OMrovul Oliia (fnr kraatlon m our Kketcb map); huwever, ths Beurlnc 
on Fniu'i fl 1 1 n, b, dtaaribod br him u Neolltbic, eeitnfailr Mifiwti a 
latoBiooM Asa provwltnoa. 

• Cfbnglrov, ISIl, pp 147 ff 

' Neater, 193^ 34-30. 

' ItU., p. 34 Cf oloD p. W, tbsidD, reopaotlni a pfoMuaiUa oiisla of 
Bolen A tb* ntbor vim ti • loeel ipeeUlnUin roohid bi Artufd (top- 
marly EilM), VInOa I ud II, end BOkk raetwlnl 

•a tlduv, 1933, pp 33 ff. 

• BiiainlU, 1934. Vf - 980 ff , ind Neettv, 1933, pp. 38 fl. 

■ BohnUoi, 1983, pp. 6 ff , Neater, op. o>t , ud Popeoon, 1930, pp 304 fl. 
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Banat,' the Moravo-Danubian region,' and in northwestern 
Bulgaria ' These do not all appear at each site; the notable 
exception is "Vin^a ’’ There, in the extremely rich deposits, 
we may readily isolate material virtually identical with every 
one of the several categories here described. The barbotine 
class of ware has perhaps the widest distribution in the Banat 
and m the Moravo-Danubian region. Farther west, outside 
of Yugoslavia, barbotine pottery is especially common in the 
valley of the upper Tisa ' In the Roumaman portion of the 
lower Danubian valley this ware appears at sites usually 
designated os of (bo Hoian phase (central Walachia),' in 
certain Moldavian contexts,* and, as already stated, more or 
less throughout Little Walachia.' The incised, and the 
fluted and ribbed wares have a wide distribution nut only in 
the middle Danube valley, but in the lower division as woll.’ 
The burniah-decoratod class finds closest analogies in the 
Moravo-Danubian region, and i he burnished ware is common 
to the middle and the lower Danube alike The fiyimnes 
assimilate those of central Bulgaria and Walachia on the one 
hand and those of "Vinia” on the other. The stone celts, 
particularly the shoe-last type, are a common bond of the 
entire Danubian area. 

It appears that the barbotine class is the oldest, t r the 
primary pottery in lower Danubian Yugoslavia. While this 

' liiipeiiuny at "Grad," Htartevo, of Fowkaa, Qoldmaii, KAtUiI), 19X3, pp 
33 B , Bud Fewlns, 1030, p T3, whore wiureea are pvon in nuto 4SS. 

■ Fewkw, lOd^ pp 37 B , and aourooa oKed tlierelD 

' Mlkgv, 1033, pp 32 B , npeolally pp 34 (naardinf eandatlaia), 37^ 
(dealing anth UT!Dty-twn eavn in nnrthrm Bulgaria), 33-SO (UiUiig 123 open 
alt<w In northern Bidgana), and 3B-72 dinting 133 haUtatko nxiuiida In Dortham 
Uuli^rla) Mikov’a work !■ very exhauaUre with napeet to kmal Uteraiy aouraa. 

‘Banner, 1633, pp 33 B , and 1030, pp 131 B 

‘ Andnowaou, 1024, pp 61 fl (Hultana), DuiaHnMiu, V , 1024, pp 30 S , 
and toss, pp 326 B (Initb Qunaliiita), tdeCu, 1033, pp 138 B (ClanBoiiarele)i 
ChrlMcMU, 1033, pp 340 B (BoUn), Dumllmau, H , 1037-1083, pp 88 B 
(Bootagtl), UomUntou, If, 1037-lOSa, pp 130 B (OridlftM Fundeanaa); 
ChiMoacu, 1037-1033, pp 107 B (Vldaatra) 

• Dumltraaou, H , 1037-1033, pp SB B, and Flga. 30-0, 31 4, abowtng 
haifaoUna wan adth atraaked appilqiia (RuglBowia), and Bohmldt, lOK (Cuou- 
tenl), FI 34 1 and 3 (baibotbie wan with atnokad appUqoe), 

’ BlroAoUl, Ion. cit , and Ntatur, lee at. 

• a emeelally Mlkov, 1033, pp 34 fl. 
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impmnon is supported by insuflirient stratigraphic obeerva- 
tion it ia signilicant that barbotine ware has been found in all 
of the five sites definitely documenting Neolithic settlements, 
and that in all cases it has been ascertained in the oldest 
portion of such deposits. No similar observations are 
available with respect to the other classes of ceramics. At 
'‘Vin£a,” as well as in a number of related sites, the incised 
ware apparently belongs even to the oldest deposits (bothroi).* 
The position of the fluted and burnish-decorated wares re- 
mains obscure. The bumiah-deeorated group, however, 
seems to imply a somewhat later development At “Vinia" 
the barbotine ware occurs in the pit level marking the initial 
occupation of the site. In Roumania, as has been said, it 
w found in several sites in association with the fioian develop- 
ment. The barbotme ware seems to have a sinnlar relation- 
ship ill central Bulgana,' but in the western portion of that 
country, it appears free of Boian elements.' At “Grad,” 
Starievo, this class of ware certainly represents the oldest 
ceramic group fully antedating the painted pottery which 
includes elements characteristic of the Besklo and Dimini 
painted pieces. There were no “Vinia” imports in the pit 
level of “Grad,” Starievo, but in its stratigraphically younger 
mveau examples of “Vinia” fabries (apparently imports — 
as yet, however, subjects to technologtcal analysiB to prove 
thciT provemence), especially fluted sherds, have been found. 
The total absence at “Grad,” Star6evo, of the so-called typi- 
cally Danublan incised wore furnishes, it would seem, a 
significant indication of the priority of the barbotine ware 
at that site. 

The somewhat puiiling relationship between the incised 
and the barbotine wares within the Danubian valley depends 
largely on additional field work. Somehow, the bartotine 
ware seems to have escaped adequate attention althou^ 
its ocourrence is rather wide spread, and its generic placement 

' or Fowins, tSSe, p 38, and MuroGi ott«d (horehi. 

' Fidd obaervatloni ud muHvm itiidleii, nasen 1383. 

* 01 , (.f., PBpoT, 1313/1313, pp. 379 B , and Fist. 1R3-I8S, 183, and 193; 
thew aro haw ultrtod mt unmtotikablB tiMnplw of tbt IwtioUiie <mre Itturtiatad 
by PDpoTa 



392 


VLADIMIR J. FEWKEB 


m the Neolithic sphere at large is yet to be elaborated. One 
important impression stands out with respect to the Danubian 
distribution of this type of ware, it seems to have survived, at 
least sporadlcaily — although in an altered style — well into 
the Bronse Age, while in its earliest appearance it marks (in 
certain locahties, at any rate) the imtial phase of the Neohthic 
Age. It is possible that here we have to deal with a large 
and long-hved family of pottery, quite individual in its 
character, and traceable, it seems, to gourd inspiration. In 
this regard it has a bond in common with the splral-meandnc 
incised ware, but it embodies gourd imitation more effectively 
both in shape and in embellishment. 

The lower Danubian Neolithic attainments here discussed 
seem to indicate — as far as tangible evidence permits an 
interpretation — an extraterntonal pnmary derivation 
There certainly are no obvious local cultural antecedents 
which might provide a potential foundation for an independent 
origin of a Neohthic culture. The positive Neolithic evidence 
before us clearly documents a maturity of cultural accom- 
plishments reflecting the mode of life which readily admits 
of applying to it the standard— even if inadequate — appel- 
lation of the Neolithic Age Although mtraregional differ- 
entiation is demonstrated in subsequent developments, the 
underlying basis, that is to say the primary (or introductory) 
core, reflects a pronounced uniformity over a large temtory. 
As has been stressed, it is for future exploration to ascertain 
the criteria with which to segregate, from site to site first and 
then by correlation, that which is primary as against the 
subsequent, however Inspired, growth. 

Collectively considered, the lower Danube valley has a 
senes of signal common bonds; relief, nature of topsoils, 
hydrography, general means of subsistanoe (natural re- 
sources), economic possibilities, and sundry snthropogeo- 
graphical factors. Its Neolithic culture history, however, 
reflects certain diversities not only in material achiev|ment, 
but also, apparently, in time placement. DespMj^ the 
impfessive number of sites record in the Yugoslavian, 
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Bulganan, and Roumanian aecton of the lower Danube, and 
the reconnaissance, sounding, and excavation conducted 
there, a general synthAis is not yet attainable. For that 
reason it is not plausible to arrive at a rational appreciation 
of the seeming complexity of the cultural pattern before us 
Yet, at least two geographic lones of Neolithic growth 
suggest themselvea. In the eastern portion of the valley the 
so-called Boian development seems to be the dominant 
expression. Characterised by open sites and settlement 
mounds, and distinctly individual only in its ceramics (but 
not in its cultural totality), it represents a rather advanced 
Neolithic phase. In the western portion of the valley, that 
is to say approximately westward from the riven Jantra 
(Bulgaria) and Vede (Roumanta), and as far as the Iron Gate, 
the cultural stamp is more alpn to that of the middle Danube 
valley. There we find several elements in common with 
“Vinia" ^ and even more strikingly so with “Grad," Star- 
iievo.' The sites are predominantly of the open type, al- 
thou^ in northern Bulgaria a senes of cave stations is on 
record.' Perhaps the most extensive settlements are situated 
on the Danubian bank, where deposits of 3 m. (or more) in 
thickness are by no means rare. 

Nestor opines that the abeence of plastics in Boian A 
(which are so rich m Gumelnita A) may indicate that the 
Bdan development is quite old.' It is of interest to recall the 
paucity of figurines at "Grad,” Stariievo.' And It will be of 

> NMcr, leaa, pp SS a (in* "Vlnte I - Tunta* l-Kultor”), MUnr, ISSS, 
pp. M 9j Fnrkai, 1036^ pp. 73 (not* 488) 9. 

■ FmrkM, 1B34 b, pp 33 9., aiid 1936, p 73 

' Mikor, 1933, pp. 37-33, wta«e tewttT'twii obth an IiaM 

•Nator. 1938,0. 5S 

‘Ct Fvriaa, Qaldnan, Ekrldi, 1933, p. 48 . — Id 1934, Mr L. NadlDdd, 
who iwvad aa tenmaa of Um AmorloDa EzptuUon ot Bterhvo In ISSSt noqulrad, 
by pnmheoa S eonotlo flsarlBO bM to bare beoi fmmd by briokinDlnn ot 
"Qiid,'' Btsiim. Fran tho bilsf ooto ud •ketch publkbod by NidloSfcl, 
1933, It OHOi thst tho ipoalBHi b pslat^ In “ U|^t rod iMpn on wblto fround,” 
tho dobni (oradns Inofulnr, lofaiod Tbo ■p««4*nt Im pnarinonUy 

pnduooa braartn, hni InokloM oo Um fanek ond riiaalMi wUeb on UBotlvo 
ol hiir, ond Is S.3 on. Ush. Tho hood li mbslii^ ond tho bsisl portion !• raid 
to bo dniBogid (Tbo otntopiant thnt lanlcfqra flfuilnoi from Sisrfgva won 
wS known, op. liL, p 19, lo not qolto eomot: of Fowkot, Ooldnan, Ehiloh, 
1933, pp 49^.) 



394 


V1.ADIM1U J FKWKEH 


great importance to determine the true relationship of the 
primary barbotine ware la the Boian group of pottery, for 
it in quite possible that the former style forma a foundation 
of the latter Thu, of course, u merely a prongnmal thought. 

The Yugoslavian region here treated u most readily 
aeresaible via the Danube and its flood plain. The nver can 
be crossed with a noimnal effort Under normal conditions 
the current is rather slow, landing places are plentiful, and in 
several instances islands facihtate crossing The Danube 
certainly pro\ide8 a vital natural artery of commumcation in 
the open sectors of its valley. However, the Iron Ciate, 
approximately 1.30 km. long, imposes numerous serious 
impediments to river or bank passage It is well to recall the 
hutory of modern (steamship) navigation m this portion of 
the Danube ‘ to appreciate the jdgnificance of the Iron Gate 
in relation to antiquity. As far as positive evidence permits 
deductions, the Iron Gate appears not to have been penetrated 
either by craft or on foot in pre-Roman times. Insofar as the 
Neolithic Age u concerned it is significant to note that the 
dutribution of settlements suf^ests circumvention rather than 
utilisation of the Danube and its banks at least within the 
most inhospitable stretches of the Iron Gate (such as PI. VII 
4, 6, ft) This observation seems to bo apfdicable to other 
prehistoric penods as well. Thera u no positive proof with 
which to show that the Iron Gate accommodated cultural 
traffic before the second century of our era. The remarkable 
achievement of Tmian's enpneera enjoyed but a short-bved 
success, for the famous road through the Iron Gate (PI. VII ; 
7), the backbone of the intneate waterway (used for pulling 
water craft), fell into disuse and nun fairly soon after the 
conquest of Dacia. “Die Stromsnellen,’’ wntes Gilsdorf, 
“l&mten die flchiffahrt schon in den Bltesten Zeiten. Sie 
waren die Ursache dafdr, dass die Orieeben, die die untere 
Donau befubren, nicht Qber die Kataraoktenstrecke hlnaus 
stromaufwSrte gelangten und den oberen und unteren Teil 
des Strom fflr swei gtbialich vereohiedene WasselaUfe huKen.’'* 

■aibiiorf, leas, p. i& 
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Under aboriginal conditions, prior to the ronatniction of the 
Si^henyi road on the left bank; before the regulation of the 
navigation channel which now cuts through a senes of rapids 
and uses an ingenious canal (at Sip) to clear the terminal 
obstacles; and until the construction of the road by Trajan, 
the Iron Gate apparently discouraged passage both upstream 
and downstream The immediate hinterland of the winding 
gorge consists of a mountainous massif — the Balkan-Car- 
pathian formation — and is heavily forested, there are no 
transverse gaps or passes to facilitate communication laterally 
with the Danube. The natural circumstances which on- 
gmally confronted the NeoUlhic “explorer-pioneer” cannot, 
of course, be fully reconstructed and visualised. Yet it is 
very likely that properly directed research will lead to certain 
rationalisation of the natural conditions then prevailing. It 
may perhaps be surmized that the adverse conditions which 
had discouraged the hrst Roman attempts to build a road on 
the Mcesian side, but which Trajan's engineers eventually 
subdued, may well have presented insurmountable diflieullies 
in earlier times. However, strictly objective deductions 
cannot be made untd appropnate held work establishes more 
dependable data than we have at this time 

Despite the fact that essentially the same type of Bronie 
Age (t.s. the "2uto Brdo” development) expression is found in 
a series of sites immediately above and immediately below 
the Iron Gate,' we have no acceptable proof that contacts 
between the two regions were maintained via the Danube. 
Indeed, within the Iron Gate one looks in vain for links with 
which to support such contacts, 'fhe fironse Age sherds 
reported from “Orsova” by Wosinsky’ were, according to 
MUleker’s information given to Vaaid,' actually found in the 
vicinity of Kladovot Vaaid, prompted, as be expressed it, by 
reasons of an “easier citation of these objects” [nc/J con- 
tinued to designate them as “finds from Orsova.” * As far 

■ For tb« southern bsnk rf Vidj, IVIO, pp S ff , ssd his msp on FI I 
' Wosiii^, 1908, pp 89 ff., and FIs. C^IU 
• Visid, 1910, p. 4 
‘Op. ni. 
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as Neolithic material is concerned, it is only at Dolnea 
Lupcova, in Roumania (d. Fig. 1), not far from the western 
terminal of the Iron Gate, that certain positive data have been 
recorded. These consist of surface sherds collected and 
bnefly reported by Milleker.' There is no information as to 
the nature of the locality. Otherwise the Iron Gate at large 
constitutes a lacuna in all archwologiral periods antedating 
Its conquest by the Romans. In Neohthic times, judging by 
extant distributional evidence, the Iron Gate appean to have 
been circumvented by “detours’' on either side of the Danube.' 
As one observes the exotic conhguration of this peculiar 
gorge one can readily appreciate its negative role in prehistory. 

I discussed the matter of natural arteries (nver valleys) 
across the Ballran-Carpathian formation in Yugoslavia, 
Bulgaria, and Roumania in my paper dealing with the 
Moravo-Danubian region* To repeat its substance here 
would be a mere duplication and there are no new significant 
observations related to the subject to be added at this time. 
But it seems well to stress the apparent importance of the 
Struma as an early “route” in contrast to the still grossly 
“disappointing” valley of the Vardar.* Again, our factual 
knowledge is indeed mea^r, but it seems that the Struma 
area is revealing earlier Neolithic remains than have hitherto 
been noted in the drainage of the Vardar. I am not aware of 
any dependable anaioglea with the barbotine class of ware m 
Greece,* and am not dealing with the painted pottery complex; 
on the other hand the eubject of Danubian oeramio traits 
in Greece is outside of my present concern.* 

I UUkka, 1897, pp 1« ff. 

■ Frwkis, lean, p 71 

' Fewkn, 1938, pp. M B 

• Cf Mlkov, 1938, p 44, < < ''Uunsiew" tad "Ksdtai Mort,” uid pp. 83 B. 

* The Pesbndr Museum uf Usrvird Uolvendtr has s luifaM eoOeotlea of 

■liMde (mm lumbu neu this eooUtau npsnteljr filled, inqi bseee, s 

tjplstl efaineterittle of (be bsriMtlne win. But (be msooer of turfuliic b 
ntlidjr dUIanpot. GruDdmu, 19M, BeUsge XU, UluWntei s (nimeot of ■ 
maiUsTemet (eseihobbraomislraetioa) whiob embodies iibape quite eommanly 
uqMifliif mtinbiihotliwelae*.— WltbrmiieettoCratiBooainrioaaisf Fewkes, 
Aae, p. 37, note 109 

■ O., however, OruiKliMn, op tit., end Fhwkss, 1986, p. 74 (there eoufOli 
In lates 408 sod 4M). 
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Proviaional aa the obeervations on the Neolithic aitee in 
the Yugaelaviaji portion of the lower Danube neceaaarily are, 
they do, nevertheleaa, help to increaao our Insist regarding 
the culture hiatory of the north-central portion of the Balkan 
peninsula. The leads here briefly described call for much 
additional field work and study. The chief need of future 
work is to adopt a truly objective methodology. It is also 
necessary to remember that pottery, though an mtcgral 
Neolithic trait, does not m itself make up a culture 

APPENDIX 

Notb on a Micaoacopic Study of a Sampui Gboup 
or BARnonNa Sherds with Posrrtvx Appuudk 
FR ou “Grad,” Stabcxvo 

DONALD HORTON 1 

The Bam(de here described conslals of alxteen aherds 
which, inaofsr aa typology la concerned, are said to be repre- 
sentative of an early phase of the Neohthic manifeatations 
identified by the American Expedition at Star6ero (informa- 
tion by Dr. Fewkes). 

On the extenor of each of the sixteen sherds there is 
evidence of an applied surface coating, reaembling an "ir- 
regular slip,” which. In some cases, attains a thickness of as 
much aa ten mlUlmeters. In accordance with a desire speci- 
fied by Dr. Fewkes I made it my object to determine, if 
possible, the nature of this so-called applique surface coating. 
On the basis of my observations 1 conclude that the applied 
surface coating is of essentially the same material as that used 
in the construction of the' vessels themselves. 

‘ Mr Hortoa It TVehnIoal AaoeUtt, in oliai|t ot Uw Obmnlc Lsbomloiy, 
UnIvtnriW M—bhk PhiltiMphls; tht lAtmaiorj It umlar tht jotat tntfSoa 

t he Un lvenlty Mutewn ud the Worfct Flapia AdminMnUon CProJnt 
No, nsi). TUi Appendix It n excerpt bom Mr Horton’t notet Una Itr 
oompOed in the eoint cf hit teehaoiocleal nteanh dmlint with moipltt tt- 
laetad (nm the Anmieu than of pottiir obtaintd et the tits of "Qnd,” Bter- 
fivo, in ini. TIm txplwntiiiy tmt ixoevntlan netDiHiiUiihBd et thit ttiM 
wu qnotond Jalnt|r hy tht htbo^ Muttam, Htreird Unlvanltp, tnd the 
Ualvenitr Mceeam, CTlItdtlplila. (Poattiott bp V. J. Fttdut.) 
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Although the microscopic study of this material is near 
completion, a detailed technological analysis is yet to be 
comudered For the purpose of the study here sununanied 
thin sections of every one of the sixteen sherds were prepared. 
A fragment of each sherd was fired to approximately 1000° C 
for half an hour, and then thin sections were made of the re- 
fired pieces. The total number of sections prepared and 
examined was thirty-two. The work was earned out chiefly 
in the Ceramic Laboratory of the University Museum. 
Certain of the petrographic determinations were made in the 
laboratory of the Department of Geology, University of 
Pennsylvania, through the courtesy of Professor Fredenck 
£ l<lhrenfeld. 

The following is a description of my observations. 

Muroscopu Character - All of the sherds have a dense and 
fine-grained texture The fabnc contains an abundance of 
silt consisting chiefly of angular particles of quarts and platy 
particles of sencitic mica. In twelve of the sherds the quarts 
grains, which are of nearly uniform sise, are estimated to 
have on average diameter on the order of 0.03 mm., and the 
mica plates have an average length on the same order The 
largest quarts grains are approximately 0.1 nun. in diameter, 
and there are very few of these. Two of the sherds are of 
even finer texture, and two are slightly coarser The lattes 
contain a few grains 0 2 mm in diameter. These few grains 
of very fine sand ore visible to the naked eye, but aceount for 
much Ices than 15 per cent of the volume of the fabric. All 
sixteen sherds are, therefore, to be described as “sparBely 
tempered" according to Bhepard's (1936, p. 409) scale. 

A characteristic feature of the sherds is the presence of 
thin, elongated cavities, which in cross section are straight, 
curved, or even hook-shaped. In a few cases, thin, elongated 
fragments of calcareous material, laminated likfi shell-frag- 
ments, are present, but these account for very few of the 
cavities observed in thin-section. Examination of the sherda 
themselves shows that most of the cavities were originally 
filled wholly or partly with what appears to be more or len 



NKOiaTHIC HITKS 


309 


carbonaceoufi ash of grass blades.' These residues of grass 
are thin and strap-like. They consist of a “skeleton" of 
amorphous silica, which has a characteristic pattern and an 
index of refraction of about t.46 (opal) Where the fabnc 
has not been completely ondiied on firing there is a car- 
bonaceous residue of organic matter adhering to the spodo- 
gram. Since these remnants occupy their cavities very 
loosely they break up on grinding and do not appear in thin- 
section 

In every case, a strong color-banding is shown both in 
the sherd and in the thin-scction. Margins, which may be 
very narrow, are buff to light reddish-orange in color, the 
core is always neutral gray to black On refinng to 1000° C. 
the colored tnargina may be widened and changed to a slightly 
redder hue, but the cores tend to remain dark. It is evident 
that the matrix is so dense as not to allow sufficient penetration 
of oxygen for oxidation of the carbonaceous core even at bgh 
temperature. This peculiarity of the material accounts for 
the circumstance that in many cases the applique surface 
contrasts in color with the body of the sherd itself. 

Examination of thin-soctions of the barbotme sherds and 
of the retired pieces of the same sherds shows definitely that 
the surface coatings have exactly the saine texture and the 
same inclusions, both mineral grams and grass bladus, as tho 
cores themselves. On refiring, the cores and the apphque 
develop the same colors Except where faint struotural 
differences are evident, the two components of the sherd are 
undistinguishable under the microscope. There is, therefore, 

1 Footnote by V J Fewka Reprdias thie point, my ooUreiue Mr WUllaai 
C Dsinh, Awoolste Curstor ot FSlaobaUoy, Hsrv^ Botufaal Museum, 
ooBtrlbutes tbe foUowliif etatement. '“n>e elooisted thin oavltHs presont la Uie 
8tsi4svo ehesds sn nstural 'epudapami' of tbe tteme of eertain itsewe 
probably wbeat It hss not yet been poeriUe to Identify tbe lenui or qieolee 
prodsely The stems of many plula, partmilarty neds sod glasses, oontam 
isifs smomits of mineral aaUlla or lUlea Vpan bumlag, the minersl esh retains 
tbs ships of tbs Siam sHhomh all of the earbonaesous matmal has been vola- 
tilised. Hu name 'spodogiam' hss bseu applied to the mineral ‘skeletons' of 
plant parts. In your ettaoila tha ‘tpodugrama* wars produeed by the flrlni of 
tha vMHia" (Dalad Juna T, 1997 )— Mr. Hortoe and I wlih to aqmm our 
gntltiids to Mr. Dimh for bli speedy reaponse to our needi In tUi matter. 



400 


VLiDHOB J. KEWKES 


ronvinring evidence that the ooree and their surface coatinga 
coneist of nmilar material. 
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A COMPABATTVB STUDY OF THE ELECTRICAL 
RESPONSES OF THE BAR 


rnnST OLBN WIVBR 

AaucUla PrufaMor of JSiyrhuIoxy, l^liicrtnn UnlvsnMIy 

AND 

CHABLIS W BRAT 

(RtadAiinita.iy.’n) 

AsaniACT 

The dertrlnl nnponm of tho onriilra Jurlnx aound atlmuUlion Here olc 
aarved In gulnen piga, aata, upoaaunia, nnd pl(eoiia ChnrBotarUtlo dilTeranmi 
vara looiul In (I) tho mnea <if Irequanrloa uvar which rrapomm orournd, (2) Iho 
fuuotkiiinl iHntion Iwlwaan iniKnilude of leaiMinao nnd alimuluB intenaitv, and 
(3) tha variation of aainltivily wtth tiequeorv Thr raiulta foim a baala for the 
sorapaiatlva atudy of tho auditory isor^um. 

The elertneal rmponcica that arise in the cochlea during 
stimulation by sound have been studied m four species of 
higher vertebrates guinea pip, rats, opossums, and pigeons 
The results provide a basis for a comparative study of the 
auditory mechanism in these animals. 

The cochlear potentials were picked up by a silver foil 
electrode in contact with the membrane of the round window, 
and a grounded electrode on adjacent skm or muscle. After 
suitable amplification, the responses were observed with a 
cathode-ray oscdlograph. Pure tones were used as stimuli. 
They were produced by an electrical system consisting of an 
oscillator, filters, attenuators, and a loudspeaker. This sys- 
tem gave tones of frequencies from 35 cycles upwards, and 
of any desired intensity within a wide range. A supple- 
mentary apparatus was used in experiments on guinea pip 
for the [ffoduction of tones below 35 cycles. Calibrations 
were carried out so that known intcnsitleB of sound could bo 
delivered to the car of the animals, and so that the potentials 

ptoowounM or tsi ambkuv rmiMorBiciL fooisn, 

TOk 71, aa I, nmmMam, ItST «7 
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as picked up by the electrodce could be determined in absolute 
umts.' 

The range of tones for which responses appeared was 
rhararteristically different for the four species. Cluinea pigs 
gave responses between 5 and 25,000 cycles ' Cats were not 
tcstc^d below 36 cycles, but responded from that frequency up 
to :i0,00U cycles Opossums gave responses usually between 
200 and 25,000 cycles, hut sometimes respionded to tones as 
low as 100 cycles' Pigeons gave responses generally from 
100 to 10,000 cycles, but occasionally showed a shghtly wider 
range ' These ranges were in part a function of the conditions 
of the experiments, the sound intensities available and the 
degree of amphfication used However, since these conditions 
were the same for all animals, the results are adequate for 
comparative purposes. 

Intensity functions were obtained by measuring the 
electrical response in microvolts (|iv ) dunng stimulation with 
various tones at different intensities (expressed in terms of 
sound pressure, in bars) The functions thus obtained were 
of the same general form for all animals and all tones. 
Throughout most of the intensity range the magnitude of 
rosponse was proportional to stimulus mtensity raised to a 
constant power, while at extreme intensities distortion ap- 
peared and the responses ceased to bear a simple relation to 
mtensity Tho slopes of the curves vaned; for the three 
mammuls they were fairly close to umty, but for the pigeon 
they were in the region of 0 4. These differences are illus- 
trated in Fig. 1, which shows typical results for a tone of 
1000 cycles In this figure, the intensity of stimulation is 
shown in bars on the abscissa, ai)d the response in microvolts 

■ Fur furthtr delaili of tbe experlmnilil method, aee E G Wevw end C W 
Bray, “The nature of aaoiutir rcepunae the rdallon bet -w ren nond Intenelty 
and the mafnitiide of rreponMa m Uia ooshlea,” J gxptr Ptychijl, 1(136, IS, 
pp 130 fl 

■ Op eft , p 132, B. Q Wevor, C. W Bray, and C F WUley, "The naponae 
of the cochlea to tooci of lor frequency," J Siftr PipcAoI , 1037, 20, 836-349 

' E UcCndy, Jr , B. O Wcver. and C W Bray, "Ilia developnml of 
haartnt In the opoaeuni," / Siptr ZM., 1937, 79, 303-617 

* E Q Wever and C W Bray, " Hasrhit m the pmeon u etudied by the 
nlertrioal mpoiiMe of the Inner ear," J. Cmrp. PtfchoL, 1938, 33, 338-863. 
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ia shown on the ordinate. Both Beales are logarithmic In 
addition to the characteristic forms of the curves, this figure 
reveais difTerences in sensitivity, as measured by the magni- 



Fia I iBlnult)’ fuaellogi tju-h runr ahowi, for i typjnl animal of 
tha inrdei btdlraM, tba macniindc of rcaponaa a* a funrlmn of intenaKy of 
allmulatlnn for a Ume of 1000 c} rim. 

tude of response for a given stimulus intensity. The pigeon 
and opossum arc much below the guinea pig and cat in 
sensitivity Individual animals within each species differ 
somewhat in sensitivity, hut the general relations as shown 
are characteristic 



rsceuency 


Fia 2 EquBl-msponar numi Fsch ruire alsnrg, for ■ typlml inlnml aa 
liMllestail, Ibe Intenalty iif aound rrqiiired at varloua fraqimclea to pmdufe s 
atandud nspooae of 10 av 
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The variations of sensitivity are more clearly presented 
in Fig. 2. Hero each curve shows, for a number of frequencies, 
the intensity of stimulation necessary to produce a standard 
rospoDse of 10 ii\. The results are for a typical animal of 
each species. Considerable differences are observed in both 
the general level and the form of the curves. Differences in 
the regions of maximum sensitivity (the least intensity 
required for the standard response) arc particularly striking. 
The guinea pig is most sensitive in the region of fiOO-700 
cycles, and the cat in the region just above 1000 cycles. 
The opossum shows poor scnsittvily for low tones, and im- 
proves fairly uniformly until a maximum is reached around 
7000 cycles The pigeon shows a maximum around 2000 
cycles, and falls off rapidly for high tones. 

The above results are regarded as reflecting the character- 
istics of the penpheral moclianism of the ear. However, 
since further processra in the auditory nerve and central 
nervous system supervene, a perfect correlation is not expected 
between the results of these experiments and measuremenUi 
of hearmg made by conditioned reflex and other behavioral 
methods. But despite this limitation, the results of the 
electrical studies are in good agreement with what is known 
from other tests of hearing in these four species. 



CORRKIATlOlf OP FRSQUBHCCBS OF SBISBnC DISTURB- 
AlfCBS WITH THE HOUH AlfOLB OF THB MOON* 

harlah trdb btbtsoii 

Counle TerrartrUl RMurch, MuwfihunUa IiutJtutA of Teobnokiiy 
ABfvnt4<T 

The pnoilblllty that perfakllr ti<U itrvBm lo Lhe Mrth'A rniNt nhould be 
reflpried in the frequenoy with which aeiiiinh: disturhencee occur hu been InvoatU 
Rated by vanoui workerm, wually from the point of view of phnaev of the nnon 
or with a view to eorreliiUAn ti earthquake Irequoifief with dintaoceH of the 
epicenter from the Hib4unar point, RmiIU from the fornw method of treat- 
meni have for the tnakL part boen ronflirtinR, and the rexiilts from the Utter 
mcUiod of aualyahi have boon tnibied, to a fortiuUnii dUtnbution owIdr to the 
reUtivdy few ooceahma when the moon can be near the aenith (h the o^conter 

Tbe pr w ent inveitlRatinn, bawd on mme major earthquakea, Reek* a 
pr^ilhle eorrelaUun with lunar hour aofU alone, which avukU the above-man- 
tlooed difficulty When the HcUmlc •dlNiurbancw an netnoted to major earth* 
quakes reoorded over 80* fram the eplrentnc, and eonflned to the ^ilipplne 
laUnd RTOup and the Japanese ArchipeUfo, two maalma are auRgeeted fallitiR 
apptommat^ 13 hours apart, one cormpoodlnR to lunar time S houns and the 
other to lunar time 30 boure, Those omirrenren are not far from the time of 
maxiroum tkUl etrwai 

More skRAlftcaot are the results of a study of 190 deep foeus earthquakes 
with orldns 100 kOometers or mure below the Hurfsre The frequency dlstrlbo- 
Uoa of there deep-focus eartiMiuakei is compared with a sine curve curfrepfiiiftinR 
to the borlsoDtal tidal force at the epicenters. A least-square wiluUiio shows the 
sum of tbe squares of tbe residuals frwn the most pn^ble slnn rurrs to be 
3^ as laige as would be the rare were there but a rhance distribution bssed no 
an arithmotic mean of the hourly frequoocy Rnsults, therefore, indloata a dis 
tinct tendoncy for major seismic distuibancre to follow preferential positions (d 
tbe mooa witii maxima ocrurrlfiR near the limes when the horiiuntal compiorDi 
of the tidal force Is a maxImuiiL 

Variour worker! from time to time have endeavored to 
show rartaiD correlations between the oecurrenres of earth- 
quakes and positions of the moon. Because of considerablo 
indefiuiteness and many inconsistencies in results publishod 
from such investigations and because of the fact that it is 
difikult on physical grounds to see how the relatively small 
tidal forces operating In the Earth’s crust could account for 
the occurrences of earthquakes, seisinologists have been 

* WHh the Mpport of ■ imit fnn tb* PoniiM Kund of tho Amerliu 
PhiVaophlnl Bodstjr 

nOoaourea or Ibb ahiucax miuworaiCAi. aoemr, 
voi. 78, MO. 8, Daa■lIBB^ 1(87 
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skeptiral ronreminK the reality nf any relation between the 
moon and the occurrence o( major seiemographic disturbances 
One of the most extensive summaries on this general problem 
that bus come to the author's attention is that of Mr. Loo 
Cotton, published m the BiMetin of the Sdumogra'phical 
Society of Amenra, 12, pp. 49-108. Under the title of "hlarth- 
quake Frequency with Special Reference to Tidal Stresses in 
the Lithosphere,” Mr Cotton gtives an extensive survey of the 
results of many mvcsUgations Near the rlosc of his paper, 
ho upjiearh to show a striking correspondence between earth- 
quake frequencies and the moon's senith distani'e. Un- 
fortunately, the Increased frequency of earthquakes with 
increased zenith distance of the moon, while apparently real, 
IS one of statistical rather than physical cause. 

Reflection upon the elementary astronomical concepts in- 
volved will render it obvious that since the moon rises and sets 
every lunar day there are always two times in every such 
interval when its altitude is zero or its zenith dislancc is 00° 
The days, on the other hand, when the moon attains bgh 
altitude or a small zenith distance are relatively few* especially 
for stations in middle latitude The chance, therefore, fur 
any considerable number of earthquakes coinciding with times 
of small zenith distance of the moon is mcam. In any in- 
vestigation of earthquake frequency and aslfonomical phe- 
nomena, it IS of pnmary consequence that astronomical 
factors be so considered that so for as chance distribution is 
concerned, there is an equal likelihood of earthquakes happen- 
ing in any of the intervals selected which may be affected by 
the astronomical factor considered 

Investigations by Father Rode8> which have appeared 
recently have shown an apparent increase of seismic disturb- 
ances when the moon was near pengee compared to tunes 
when the moon was near apogee. Furthermore, recent 
publical ions by Davidson ' have appeared to show a connec- 
tion between the frequencies of earthquake after-shocks and 

' An. Bni Trav Hr , 8er A, Foe 10 87-W, Htnuboori 1084, Inboa 
Cunmn 1083. 

* Jo» (kol , 42| No 5, July 1084 
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the phase of the moon which might be interpreted as a ques- 
tion of the combination of the solar and lunar tidal forces that 
depend on the relative poaitions of these two astronomical 
bodies. 

Recent investigations by the wnter on apparent changes 
in the direction of the vertical with positions of the moon have 
ed to the possible conclusion that small changes occur in the 
geographic coordinates of observing stations that in some way 
are associated with tides m the earth of somewhat greater 
magnitude than one would be led to suppose, based on classical 
ideas alone. Investigations of the Gulf Research Labora- 
tones in Pittsburgh have brought to light through gravimetric 
measurements ' a vertical nae and fall in the Earth’s crust of 
the Allegheny region of the order of magnitude of SO cm 
These facts made it appear worth while to investigate again 
any possible connection between seismic disturbances and 
preferential positions of the moon Homo 2,000 earthquake**, 
therefore, have been analysed from the point of view of a 
possible relation of the frequency of their occurrence to the 
moon’s position referred to the epicenter at the tunc the 
shocks occurred. C'urves of vertical and honzontal tidal 
forces for different latitudes have been drawn for study in 
comparison with curves of earthquake frequency. To avoid 
the difficulty of a fortuitous variation with lunar altitude, 
analysis of the frequencies has been confined to lunar hour 
angles. 

While the lunar-tidal force, both as regards the vertical and 
honiontal component, ia a function of the aenith distance of 
the moon or the distance of the sub-lunar point from the 
epicenter, any simple attempt so to correlate earthquake 
frequency introduces a selectivity in the data that may lead 
to fortuitous results. The examination of 2,004 seismic 
disturbances, mcludlng both major and minor earthquakes 
during the yean 1018-1024, taken from the British Associa- 
tion catalogue, reveals the following distribution, arranged 

^ '*T1de In Rooki nt Fltteburifa," by P. D Foutc Koyrmber 1, 

]0U» Sopp p. 8 
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by hour angles of the moon, referred to the meridian of the 
epicenter at the time of the nerurrenre 

T\BIA I 

Nuhbiii nr KABTHqiAim, Majob and Mixor, tbou IBIB-IBM, Arranuro 
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If, from the foregoing list, only the major seismic dis- 
turbanccii are included, such as were reported as having been 
recoided over H0° from the epicenter, 053 such major dis- 
turbances are available for similar analysis The table 
(Tabic II) indicates a maximum around 18 hours and a 
minimum near 0 for lunar hour angle A second leas pro- 
nounced maximum occurs near 0 hours. The maxima corre- 
spond to a mean position of the moon for the times approxi- 
mating the greatest honsontal force at the epicenter 
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Major Earthucaru 1918-1924 
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An analysis was next made of all of the major earthquakes 
recorded m the mlerval 1018-1929, comprising 2,560 entries. 


TABLE III 

Major KANruouAixfi RuoRniD 80* or Morr non EnccimR roR Yrahb 
1918-1938 
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Here again maxima ore miggeated both for lunar hour angle, 7 
hours and 18 houre. In plotting the curve (Fig ]), running 
means of three have been taken for unbiased smoothing If 



KiO 1 Mft]or 6trthqiuk€B 80” or more from 1918-1939 

the much-debated lunar-tidal force were to bo a factor in the 
occurrence of earthquakes, one would expect that the fre- 
quency would be greatest not uecessarily at the time of 
maximum stress but rather at the time when the stress differ- 
ence due to the total tidal forces is a maximum. Love has 
stated that on the assumption of a homogenous incompressible 
earth, the greatest value of the stress difference on the earth’s 
surface would ooour at placca 00° from the sub-lunar point ^ 
He emphasises, however, that the greatest stress difference 

■ EirtbqusksB, PhsM of the Mood, Bub-Lunsr, sod Sul^ftoUr Jaunts,” by 
Otto KlolJ JounuA ef Uu Koyal A t i r oi uml ai Sodtly of Canada, July, Xiiguat, 
1914, p. 370. 
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found near the surface is only about 3/8 the value at the 
earth’s center. The numenral value he estimates at pos- 
sibly one pound per square inch The introduction of correc- 
tions for heterogeneity and compresaibllity would be highly 
complex and might shift the place of manmum considerably. 
It should be noted that for earthquake tones of low latitudes 
the points of greatest stress difference, on the average, would 
correspond to the lunar hour angles of 6 and 18 hours from 
the meridian of the epicenter. 

Hince the earthquakes in the list examined have been 
widely distributed both as regards latitude and longitude, and 
undoubtedly represent repons of vastly different crustal 
Blructore, perhaps any attempt for finding a relationship be- 
tween the position of the moon referred to the epicenter and 
the frequencies of earthquakes taken indiscriminately all 
over the globe is never likely to yield very significant results. 
With the material in hand, therefore, it seemed worth while to 
segregate certain particularly active repons, and analyse 
similarly the frequencies of occurrence m these localities with 
respect to the lunar hour angle at the epicenter at the time of 
the occurrences. Three repons were treated independently. 
One is that located between the parallels of 0° and 40° north 
latitude and the meridians of ISO” and 140° east longitude. 
This includes the PhiLppine Islands and the Boulbem ex- 
tremity of the Japanese archipelago. Three hundred and 
forty-five major disturbancea were included in thu region 
dunng the years 1018-1020 and represent approxiinately 14 
per cent of the total list of about 2,600 entries. The second 
group selected was that lying between 30° and 60° north 
latitude and between tbe meridians 140° and lOO* east longi- 
tude, comprising the major part of tbe Japanese archipelago 
excluded from the first group. Hie third group selected was 
that in South American territory comprised between the 
parallels of 0° and 40° south latitude and the mendians of 
00° and 80° west longitude. The reeults of the distribution 
of the numbers of earthquakes for each two-hour interval of 
lunar hour angle is presented in Fig. 2. It will be observed 
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that in both the first two regions there is a definite trend 
towards a maxiim i m at about 8 hours. A second maximum 
(or the Philippine territory ocoun at 22 hours. The second 
maximum for the Japanese archipelago occurs at 20 hours. 
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The percentage of increase in the frequency at maximum as 
compared with minimum is more than 100 per cent for these 
two regions. While a maximum is suggested at 8 hours in 
the case of the South American region, the frequencies in this 
case are so much more evenly distributed that one can hardly 
attach eigmiicance to points of maxima and minima. The 
data for this South American group represent about 6 per cent 
of the total number of earthquakes in the list 
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Fra 3. Curve ahowing omimnee of STB major eartliquakei of Pl^ppliie 
end JtpuMM (roupe (1918-1030) dletributed by hourly Interv^ foUowInf mooii'a 
peainii meridian eptmler 

In the case of the Japanese archipelago, the number of 
major earthquake disturbances approximates 0 per cent of the 
tot^ number of major earthquake in the list. If the dis- 
turbances in the first two groups are combined, we have a list 
of J)A4 major diaturbancea representing s^iproxunately 23 
per cent of the total list. A graph of these combined regions 
IB shown in Fig. 3 — the individual points representing the 
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total numbers in the hour interval indicated and the circles 
representing the moving averages or running means taking 
three items at a time. The artifice of running means is a 
convenient and unbiased method of drawing a smooth curve, 
though considerably reducing the range in amplitude Wc 
note for the combined results, the peaks of maxima occurred 
at 6 hours and 21 hours, the first maximum corresponding to 
the time of maximum stress The second maximum would 
appear to precede the lime of maximum stress by about three 
hours The position of the eub-lunar point corresponding 
would bo approximately in the middle of the Pacific Ocean 
around longitude ITS" west At the time of the maximum 
corresponding to lunar hour an^c of 6 hours the sub-lunar 
point would lie in the extreme west of the Indian Ocean and 
near the east coast of (Antral Africa 

If we restnet the character of the quakes to those of 
deep-focus origin, whose epicenters have been deiiiutely de- 
termined to he from 100-700 km below the earth’s surface, 
an even more significant correlation between lunar hour angle 
and frequency appears to result. It is perhaps pertinent to 
remark in this connection that the deeper the focus the greater 
is the strtss difference which is created by the tidal forces 
In the study of these so-called deep-focus earthquakes, a list 
of 113 well-determined seismic disturbances with origins 
100 km. or more below the surface of tbe earth served os the 
basis for investigation. The list was provided for me by Dr 
J. A. Sharpe of tbe Massachusetts Institute of Technology, 
who utilised the data for another purpose ' 

In Table IV is listed the number of occurrences of these 
deep-focus quakes for twenty-four equal inten'ols correspond- 
ing to hourly values in the changing hour angle of the moon 
referred to the epicenter at the time of the occurrence of each 
deep-focus earthquake. The full line curve m the figure 
(Fig. 4) is drawn through points representing the running 
means of the numbers of earthquakes for hourly intervals 
Tbe broken line curve represents the east and west component, 

‘ "Dam Fooih Ekithqiuka* and their Ocophyikal BIsnlfloaiM," by Aodrasi 
Laith ud J. A. Bhaijia, iTosr (Mn M, No 8, p. 877, Nov.-Dae ISSt 
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TABLE IV 


Tabu Bbowimo Rblaticbc or FumiaiicT or Dnr-Foriii KAiniqDAxa to 
TBB Lt'HAK UODS AMOLI 
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and the dotted line curve the north and south component of 
the honsontal lunar tidal force for the correaponding hour 
angles and declinations of the moon. It will be obeerved 
that the curve of the earthquake frequencies shows a much 
closer correspondence to the curve representing the east and 
west component of the lunar tidal force than to the curve 
representing the north and south component. A curve repre- 



Via 4. Curv* ahoiriiig otanman al derp-fona aartliqiiBksi dWributsil bf 
hoiiily IntatTsli fotUnrlBg moon'r pudng ihaHAIm of gplentar. 
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denting the roaultant of the north-eoulh and east-weat riirved 
would resemble the earthquake frequency curve with striking 
Himilarily. 

It should be stated that Dr Sharpe’s list shows that the 
bulk of these deep-foeus earthquakes occur in four regions — 
the Japanese archipelago, the East Indies, the west roast of 
South America and the Himalayas the greater number of 
deep-focus quakes in the list lying in the first three regions 
mentioned. 

Assuming that the frequency of deep-focus earthquakes 
approximates a sme curve, we may wnte 

m - A sin (2® -I- u) + z, 

where m npresents the frequency, 9 the hour angle of the 
moon from the local mendian of the epieenter, u a phase angle 
and t a constant. It is obvious that z cannot be zero since 
negative frequencies would be without meaning The value 
of t will 1)0 very close to the average frequency per hour 
throughout the day. 

In expanding the equation we may write 


where 

whence 


m — jc sin '2B + y cos 29, 
r - 4 cos w, y = A BUI u, 
u tan"' ylx, A = r/cos u = y/sin u 


Wo may solve for the most probable values of d, w, and z 
by utilizing 24 normal equations corresponding to the values 
of m indicated in the data of Table IV The coefficients of r 
and y wiU be given by the sine and cosine of 29 corresponding 
to intervals of 10°, or one hour In the changing hour angle. 
The normal equations will take the following formn 

1^00 + [ac3» -f om — 0, 

[ol)3x -t- [66jjy + C6c]z + bm » 0, 

[ac3* + [6c]y -1- [re> -|- cm - 0, 

where a - sin 29, b •• cos 29, c •> 1, in the frequency of the 
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dialiirbiince per given hour angle, and the bracketa repre- 
Hcnt the Hunia of the indicated producU for the senes of 24 
equatioiM 

The Hohition of these equations gives 

j » 1 83, 1.47, * - 4 7, 

a hence 

61 - - .30®, .4 - 2 .3 

Substituting the numerical values in the equation 
m = .1 am (20 + «) + *, 

wc may draw the moat probable sine curve to ht the points 
represented by the data of Table IV. 
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Flo 5 Cui ahiiii Ihr tiiliU iliia curve rompulol fimn l«vtHS|uan ulatlfm 
niinpwvd with oarummwe of deep-foruii eerthquekee et hourly uifarvais fuilow- 
in( mooD'i pmiDg Diendisn of epicenter 

In Fig a is indieated such a eurve together with the points 
representing the origii^l data (Table IV) If we substitute 
numencal values into the scries of 24 equations wntten for 
each of the 24 lunar hour angles we may derive the residuals. 
If wc compare these rosidu^ with those derived from the 
anthmeliral mean of the frequencies, we may take the squares 
of the residuals in the two rases to represent the relative 
"fitness" of the sine curve to the observations u compared 
with the hourly mean for the 24 hour interval. The ratio 
M [b'p'] Is 1.33 ■ 1.77.* 

*The pxpninon [er] repraanU the nun uf the equsraa of the rend- 
itftls derived from the Htw nir^’e, end [pVJ the mm nf the aquaire of the 
rmduelff di^iivH from Ihe enthmetireJ mfeii 
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When the data for the frequency curve are smoothed by 
takinK moving averages of three equally weighted points the 
improvement in the fitness of the sine curve is remarkable as 
IS indicated by the circles of Fig 5. If these running means 
are substituted for the individual points the residiuds from the 
sine curve and from the arithmetical mean are as follows. 
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Conndering the relatively small amount of data of deep- 
focus earthquakes available, it is surprising that the result 
is as significant as it is. One can say that since the residuals 
are sig^cantly smaller in the case of the sine curve than in 
that of the aiithmetioal mean when the reridiuls are derived 
from them, there is some basis for the supposition of a sine 
curve hypothesia. 
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In concliuion it may be aaid that for particular regions of 
marked seismic activity such as that in the neighborhood of 
the Japanese archipelago and the Philippine Islands, the 
number of major seismic disturbances shows a tendency to 
follow preferential positions of the moon with maxima occur- 
ring near the times of maximum tidal stresses In the case of 
well-established deep-focus disturbances, the frequency of 
such phenomena appears to follow more signifirantly a tidal 
sine curve. With the rapid accumulation of data relative to 
such deep-seated disturbances, it may be possible ultimately 
to gam some knowledge of the building stresses preparatory 
1 o the occurrences of earthquakes A knowledge of the varia- 
tion in the number of earthquakes accompanying changes in 
tho lunar tidal stresses should help m this direction. One 
cannot look upon changes in lunar gravitational potential as 
an adequate cause for earthquakes, but it is not unreasonable 
to assume that with the building up of stresses to critical 
values, more major seismic disturbances will occur at times 
when the added tidal stresses imposed by the moon are near 
maximum than at times when they are otherwise. One can- 
not be too cautious, however, in interpreting results and the 
possibility may have to be entertamed that in the apparent 
correlation noted, some agent other than the moon itself, 
OB for example loading of ocean tides, is a more direct factor 
in the situation. 



THB WAR COMPLEX OP THB PLAINS INDIANS 
MABIAir W. SMITH 

Dopurtfovot f)( Antknipolufv, BurjuLrd CiiUpgr 
AHiTHALT 

Wai-fan* 411K* of th^ main fon^rnii nf Ihn Indian trllwi of thp Orrml 
rialna of North Amorira A larrpy of fhr llteratnrr iihona that nar partIn 
aere apoimdle but ever proNot MDtliigeiipii^ The war path aaa dlatlngaiahed 
from the path of fitiaef Itj a act of iltaaiN nhlrh oerred ilao to areoni tlie im 
pnrtanre of varrlur atatui to the aeale of poUtlral and tonal prMtltfo. TIm 
raotl^attoQi and aanoeiationi of Ibia warfare ]uik It mth tbe pnotinnal itrcM 
of Duramiog and the practiea of aralping 11 revealed aa fondamental to auih 
a linkage 

Popular doonmenlH dealinK with the warfare of th(> 
uborifonala of the New World have fluctuated between the 
opinion that tho red man waa a blood-thiraty demon in the 
tbroea of an innate aavagery and the conviction that he waa 
the noble acion of a dying race which defendetl its mother- 
right with heroic courage. Anthropological inonographa 
have dealt rather aunimarily with warfare, nanally being 
eonflned to diacuaaiona of weapons aa elements of uiatorial 
culture and to anch of its aapecta aa foil within tho cerc- 
moniea of social and religions units In addition, tbe war- 
fare of tho Plaiua Indian has come to tho attention of an- 
thrupologiata with an interest in sociolofry and from this 
attention has anaen the practice of deacnbuig tho hostilitica 
of theao tribea as an individual competition for sooial pros- 
tige. 

Tbe present paper aims to luveatigato certain aapecta 
of Plains warfare, chosen for their aignifleanoo in depicting 
the oonnoctlons between the war complex and Plains culture 
aa a whole. Thu problems include ; the system of graded 
war honors and its relation to the life of the individual ; tho 
effect of this system npon tbe fighting sitnation; the or- 
ganlaation of warfaro around tho war party; the war path 

noruMNOs or tbi AiiaicsK raiuMorfiJcu. BoeiEn, 
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lide 

and war dances and the contacts between each of these and 
society ; and lastly, the siKniilcance of HcalpiUK to the emo- 
tional intoKration of the culture. The final question of 
prune iiilercst concerns tho validity of a description of 
Plains warfare solely in terms of individual competition. 

The paper treats of the typical Plains war complex. An 
attempt has lieen made to obviate tho danger of over-gencr- 
ulizatum which accoiupanlcs such a trcatmuut by wi ar- 
ranging the footnotes as to indicate tribal distnbutions.' 

Thb flvhTBM or Goaded Wao lluNons 

The most iininediately distinguishing feature of the 
Plains war ootnplox is that commonly known as tho coimt- 
tHfi of coup. Thia phrase is variously used m the literature 
to cover several separate, but related, military phenomena 
which wore unfamiliar to the whites who first encountered 
them, and it has generally been accepted as a blanket term. 

The coup st/stem depemled upon a system of graded war 
honors.' 'Two ’ or four ‘ specifically defiued acts of bravery 
were singled out by each tribe and arranged in a fixed soale ; 
the warrior jierforuuiig the deed which held first place, re- 
ceived most honor, and so on down tho line. Other bravo 
nets might also be recognized and honor accorded to the 
iiieu performing them; although these were kept distinctly 
separate, they were not .leaded among thoinsclves but 
formt'd B rather indefinito group below those of the scale.' 
In addition, there seem sometimes to have been a few acts 
which stood at (he pinnaclo of bravery which wore of such 
I arc occurrence or of such a special nature as not to war- 

1 In tlip funlnntpi the number 1u purentbmri mfnn to thn rrferrncn no 
numbered In tbo bibllosniili;. 

JAmImlnin (13) RSO; Bluekfooti (i£) VI, 10; Oioi Veltni (47) 101 

■nidntM (17) 143, iovui (77) 904; XuoHi (1) TOSj Muudu: (OS) 

ISO, 

<('rnw (19) IV, 170; (SS) 930; (AO) tM, 154; Omakai (14) 111, 
(30 ) 437, Ponru (10) 440, (M); Sstd; (IB) ZVIII, 104; Tetoui (11) 
111, II, Wlebltui (a) 7 

■Ciuw: ( 1 Z) IV, 171; Idhi. (77) »»; Kuuta- (1) 751; Msudui (U) 
V, 147, TeloB' (13) 111,11 
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rant a placo upon the rctfular Mcale.' The coup count of 
each mail conHiated in the minilier and rank of the deede 
which he had performed. The trihea differed in the amoiint 
of honor ffiven tho aaine aet and tlie Hyateina of ftradod war 
honors varied neeordinRly 

Coup, in a strict sense, was one among the deeds for 
which a man rereived honor It consisted in tonehinfr, with 
the hand or with an object held in the hand, some portion of 
the body of an enemy. Thoe, to count or Ktnlte coup was to 
got in close physical proximity with an enemy. A coup wns 
honorcfl, not because of any result which accrued from the 
act itself, but beeauHO of tho danger which had been suc- 
eossfully ovoreouiu, and the emphasis naturally fell upon 
the conditions niider which the act was oceoinphshed 
Coup might bo oouiiteil on the body of an enemy fallen in 
battle by those first to roach the body and count the coup;' 
it might bo counted only once,* or by two,* three,* or four ' 
warriors, souiotiiaus on only tho first enemy slain iu a 
battle' or, on the other hand, upon an enemy eorpso ac- 
cidentally discovered, provided that it was within a ecituiii 
state of preaervatiou.* Conp might also be counted on the 
wounded,” or, on an unwounded warnur capable of defense 
and intent upon his own olTensivo attack " An accidental 

■ Crow (58) sail Tdoa (1:1111,22. 

lAitlnlbolsi (13) (193, Crow (W) MO, (.'*) 2M; CUrTemw (88) 
303{ (SO) II, 38, Oioa Vrntrei (47) 1*1, 199; lows (77) 203; Kiiias 
(1) 7U, Uaadui (12) V, 147, Ponrs. (88), THtim (1!) Ill, 22, (6(1) 
159 

• WIcblU (28) 7 

rOrowi (58) .55; Gw* Venlrr (47) 191. 

B lowo (77 ) 208, Onslii; (SO) 437; Oiagc (25) 118; Pnara (30) 
440, (88). 

•OSorcanr (79) 11,81. 

>Ar«p*lHii (39) II, 88, AMlBlbolii (13) 589; (.57) II, Hldatn; (17) 
145; Msiidu' (It) V, 147, Omslisi (34) 889 (iMitc dlBfieemoDt of intbiri 
tteO, ICO nola 4 ihorc) , Hanleo. (88) uvll; (78) 280, Totooi (IS) 550 

• drowi (12) IV, 179; (M) 55, (58) 258, Ongr (S.5; 38; Totsii (12) 
111,88; (15) 850 

• Arspokoi (46) 88. 

■•Blorkfooti (18) TI, 10; OnsSiBi (30) 437 

i > BUrkfout : (12) VJ, 10; Clii>7n>s(ii (W) 11, 30, Oowi (55) 35; Usu 
doat (86) 891, Omahai (30) 487; PoSrai (80) 449, Teton (11) IU, 88, 
189. 
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phj’Hic'Rl contact during battle wad not rated aa a roup ; true 
coupe on living and active ciiciiiieR were performed deliber- 
ately and before witneeHee. Ae denionetrationH of bravery 
nnd individual prowcee, cuapi> might themBolvce be graded ' 
according to the order in which they wore counted or ac- 
cording to the degree of danger involved in their pcrforni- 
nucc, thUH forming a apparato acalc which dovetailed into 
the war honor acale dcaeribed above, hut did not anperaedo 
it' Other acta eueli ua scalping* and killing* might be 
rankeil m somewhat the aaiiie iiiaiinoi but grading of coups 
WUH more coiiinion. 

The term roup la frequently applied to any war deed for 
which the degreu of honor was tribally standardized. In 
ho far as the main clement of the coup was the peiaonal 
daring displayed and since war deeds wore graded accord- 
ing to a standard of individual prowess, such usage may bo 
justified. ('ertHiiily the aituatious described often empha- 
size this faetoi. Yet, as has many times been pointed out, 
scalping frequently involved a inimiiiuin of risk. And 
there can bo little doubt that the taking of a scalp was one 
of the deeds on the war honor scale.* In view of theso 
facts it seems desirable to limit the nse of the term coup to 
the physical contact desenbed above. The literature sonie- 

I BIsrkfooti (12) Vi, 10, Chcjuiuw (SS) I, W, 78, 282, 272) 11, SO, 202, 
228, OoMln. (24) 890-1, (80) 437, Ponu. (80 ) 480; Totoii (12) 111,22 

a Rrra amaiig tbf (/berpuv, wbpr» Uitemt renter^ lo largely in coup, 
there la erldppre of the eibtenee of a diitbot war honor inUe whirh InelnM 

(1) reap, (8) thp eaptan> of ■ ohlold, (S) the eapture of a gaa and (i) the 
taking of a aralp (Qrlnaell, 1010, SOS, lOSO, Voh II, N ) The Omaha and 
Ponca fumlah eicellent enamploa of tbo way la wbirb graded eOapt might in 
flncnee the war honor orilB Tboa, a four point aralo. (1) to eoint eonp^ (S) 
to kill, (3) to oralp, ind (4) lo dociplUta, or, with tb« Ponca, to captiira 
hoiwa, liecomca a aU point arale (1) to eonat eonp on an anwoonded taeny, 

(2) to eifiut roup on i wounded eueuy, (3) ip eoaat roup on a dead enemy, 
(4) to kUI, (S) to oralp, and (6) to decapitato, or, na above, to take boiaea. 

lAaaudtwuk (67) 31; UJibway (14) 01 

•Mandaa. (06) 300-7, Tetoa (16) 3Atf, (00) ICO 

BArlkara (70) T, 247; AaloibolDi (67) 81, 06; Blarbfooti (01) 421; 
Choyeane (80 ) 303; (30) TI, 30, Ciwt (70) 086| lowai (77) 806; Vandant 
(12) V. 147, Ojibway (14) 08; Oniabai (30) 437; Poneaa (30 ) 440, (66), 
Sard (12) XVlIf, 104, Slonir; (10) 73, (18) IH, 83, (80) uvll, WlebiUt 
(2») 7 
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timeR (‘iiiployt) the phruMi umr liohors t« mdicato all war 
(Ipods with Htandardizeil dcKreuR of liuiior, aud proferenco ih 
here given to that term. 

War honorH might be olaHRiAud into two groupH. coup 
and the taking of aontothing (roin the enemy, whether gun, 
life, scalp or horse. Such a rlasaiflcalion would, however, 
give an entirely falae einphusiM. As a matter of fact, and 
qmte simply, war lioiiorH displaycii the military virtaen 
“Courage,” an wo know it, is ooiiipletely insuflleient to 
describe these. Personal fortitude aud the proteetiou of 
women and children, even at great personal risk, were taken 
ns matters of eourse and did not rank ns war honors, 
whereas “thievery," according to the white niaii’s stand- 
ard, most einphatieally did. Among the uiilitary virtues 
were fearlessness, the eapacitv to make successful surprise 
attarka, the power to overcome an antagonist or show 
superiority to him, and the ability to carry out hueeessful 
war projects. All of these were i-oiineetisl with the war- 
rior's relationship to the supeniatuial. Rut such virtues 
were not mere abstraelions. Each inaiiV imlilnry prowess 
was directly in terms of the deeds ho hud perfoimed, his 
coup count was his virtue After each deed had boeu ac- 
credited ' it was, with nil its accompanying cireamstauces, 
kept clear! V distiuet in the series. 

Coup, as has been said, was one niiioiig possible war 
honors. Aside from its eiiiphasis on individual achievo- 
iiient, it had at least two other sigiiiRcant factors. On the 
open Plains the conditions for long-distance shooting were 
particularly good. However, the desire to count conp made 
for a general rush toward a fallen enemy which tended in- 
evitably to decrease the distance between the contending 
parties and to encourage hand to hand eneonnters. Coups 
on living warriors had a similar effect. The other factor, 
also, tended to keep battles, which were primarily composed 

1 (S) 51; (19) II, EDS, BIwAfoot (M) SCO; (59) II, 9S, CtiCToniip 
(SS) S99, aoo; Crum. (19) IV, 179| (50) !>-4| lows (71) SIM, Unilu 
(S4) 998, (90) 43], 434, 497, Ponca: (30 ) 439) Toton (Rl) 07, Wichita 
(38) 7. 
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of Boparato individoal <>nKBReiuoDts,iuorocoDeentrated than 
Hcattered. Although (‘ach fighter was occupied with hia 
own opponent, the fact that part of hia proatigo conld be 
derived through the auccoas of hia oompanlona kept him 
supremely aware of activitiea over the entire battle ground. 
Certain war honors aaeni, indeed, to have apeeiflcally reoog- 
mzed this mutual relationship between warriora.' 

Just as coup eniphaaiaed the element of spectacular 
daring so also did other feats such aa the capture of a gun 
nr other weapon ' and the taking of a shield ' The capture 
of horses is generally classed with these feata. However, it 
seems evident that unless taken in battle* snch an act en- 
tiiiled other elements aa well. To count as a war honor, 
horses had to be stolen from the camp of the enemy,' had 
even to be snatched while picketed in hia very ahadow.' 
There woa no dash uor abandon in auch an act. Tho powers 
exercised were those which might be called “ stealthy ’* and 
involved an iron control of every movoinont, complete si- 
Icneo and deception when iiecessaiy — the same powers 
which were indispensable to the snooessful surprise attack. 
The suspimae of such an act was great. Its success lay in 
escaping undetected and in evading or outdistancing any 
pursuit which might be organiised when the theft was dis- 
covered. 

The scout, who likewise exercised the "stealthy” 
powers, and whose activity contributed to tho snoeess of tho 
war venture, was sometimes formally recognized.’ But the 
more important of war honors of this uatnro went to the 

•Crow (IZ) IV, 17Si (S8) Ul, Teton (IS) SSS 

'Aalinbmn (IS) SWi BUekfoot (IZ) VI, lOi (SS) lOZ; OnjuaiM- 
(3S) sea, (SB) II, as, Cnmi (II) IV, its; (08) ase, (SS) ISa; Oroi Vu. 
tn (47) ISl, ISS; Masdu: (It) V, 147, Sinii (U) ZVIlt, 104 

■Blirkfoot (SS) 808; Ch^enoei (88) 80S; (8«) II, SA 

• Blirkfooti (IZ) VI, 10 

‘Aainlbols (18) G80, 808, (87) SI; Kuna. (1) 788; llMdaat (It) 
V, 147| Ojlbwij (81) I Ponsai (SO) 440; Bud (U) ZVin, 104; Sbiui 
(18) 111, ZZ; (80) 101 

• Blukfaat- (12) VI, 10, Orewi (IS) IV, ITS; (08) 880; (00) SOS 
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leader who had orKanised aod carried through a auccoeaful 
war parly.* 

The mortality in Plains ilghtiug waa highest when at- 
tacks took the enemy unprepared for defense or when of- 
fending parties were pursued and overtaken. In such cases 
the weaker gronps were often completely annihilated. The 
mortality of pitched battles, which were of more frequent 
occurrence than is generally supposed, was considerably 
lower. War parties set out with a particular end in view 
and victory lay in the accomplishment of that purpose and 
in the safe return of the party.* The leader was responsi- 
ble for the safety of his men and any loss dampeneil the 
sense of IrinmptL Each man sought his own glory bnt 
never to the extent that he lost sight of the ultimato triuiii- 
phant home-coming of the war party of which he was a 
member. Unnecessary endangering of lives was conse- 
quently avoided. Yet whatever else a battle may bo it is 
primarily a situation in which men IpU and are killed. Ac- 
tive participation in such fighting, as evidenced by wounds,' 
counted os a war honor. And the act which occurred most 
frequently on the war honor scale was the killing of a foe * 

In his intensive study, one of the few of its kind, of the 
otfeot upon the Pawnee of prolonged Sioux hostility, Lossci 
points out that cholera and “the relentless assanlts of the 
Dakota and Cheyenne” wore responsible for a twenty-five 
per cent reduction of the Pawnee in four years.' His data 

'Aadoibnln (.17) 6S, lUMkroot (IS) VT, 10, I'raw. (!!!) IV, 17D, 
(S8) SB0| (M) 9M; Jowl (77) SOS, 904, !»JS, Teton (IS) III, 33. 

>Arn|«ba (4S) SS, BUfktoot (1) t9S, (IS) VI, 10, (97) SSO-l, 
AMlnllMlB. (11) MS, tU| Obejeniw (3S) II, 40; rrow (SS) £37, Orfli 
Vnitn (S) 9)8, (47) IMi Kua- (SO) 975; Klom (OS) SOI; Unwtiii 
(88) 1U| OJIbwnji (14) 74; Pnwmei (TS) TI, 79S; BIobi (IS) III, IBS 

■ AenalbolB- (II) SW; (B7) W, 71; Oro« (AS) SS3; OnM Ventre (47) 
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iOl, IM, IH; BUktoii (17) 140) lows- (77 ) 908, Kanii (1) 783; Van 
daSi (11) V, 117) (08) 1S8-7; OJUiwBjri (14) 89; Omabsi (14) 191; (90) 
497) Omgp, (88) 98; Pawn (10) 440, (SB), Hueli (18) XVllI, 104, 
BIoBxi (11) III, K; (18) 980; (68) 180, 188, lOS; (73) 330, (74) II, 88; 
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are so overwheliiiuiKly atrainet the clasaical dcacriptiou of 
the PlaiiiH wur coiuplox lhai he feela called upon to add 
m a footnote “warfare aa carried on by the Sioux in the 
latter half of the nineteenth century was not the typical 
lialterii of Plains wurfarc.’” A strange conclusion in- 
deed I The Sioux certainly belong to Plains culture and the 
KTeat bulk of material upon which any “typical pattern’’ 
can be based comes from the latter half of that same cen- 
tury The Pawnee, under white iiiBuenee, were relatively 
defenseless and the pattern of Plains hostility was such that 
it took iinniediate advanta^^e of a foe in that condition. 

PlaiiiH warfare is classically typifled as a f^reat fcuine 
The prestifto of the warrior depended upon his war honors 
and these were his counters in the game nf u<ar, yet, to in- 
sist upon such temiinoloKV is to attnbute a playfullness 
to Plains warfare which was entirely lackiiiK- The coni- 
[letition for war honors inifrht have b(>eii a drame amonR 
warriors, but the only Kunie played by a warrior and his 
eucmv was the ^ainhle of life and death. 

Mutilation of the dead (seo page 451) was common, but 
only scalping and decapitation" found their place among 
the deeds of honor. 

Scalping' and the capture of horses played a greater 
part in Plains warfare than the war honor scale would sug- 
gest Indeed, Oriiiiiell has expressed the opinion that only 
with the coming of the horse did the Blackfoot begin their 
“systematic sending forth of war parties against neighbor- 
ing tribes.’" Both tho horse mid the gun loomed large 
among tho “indirect ('aucasinn influenoes’’ which rocketed 
the Plains urea to a “cultural intoxication’" which is 
liardly procedeuted in anthropological annals. With duo 
consideration to their cnltural importance, there is, how- 

> nu, 13 

■ Ton- (77) son, Omiha (24) 381, (30) 487; Ouffoi (81) 411) ( 28 ) 
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ever, no conelnnivc evidence that they rovolntioiiiBed war 
procodnro. Apparently, their effect was not radically to 
change the CTiatin^ war ooniploxes, bnt to accelerate the 
momcntiuii of warfare 

The Plaina Indian deaired horneH, yet, howevei often 
white men may have found it convenient to name Indian war 
partiCK linrsc raidx, this dcaire alone wan not enffirient cauae 
fur Koinft upon the war path. The ahicld which the warrior 
captured was a inedioinc bundle objocl and of no utilitanan 
UHc to ita captor To take a {nm from an enemy waa a mark 
of valor but to pick up one on a battleflold waa expediency 
not bravery. Budien of white men were more apt to lie 
deapoiled than thoae of Indiana, not becauac conniea were 
ever Hyntoiiiatirally plundered, but bccauae only inch ob- 
jects were taken as wore of peculiar valno or intoroal. 
There la no evidence, in Plains material, that robbery ever 
niolivatcd homicide 

Beyond the maintouance of certain hnntniK pnvileKea 
the tribes were not interested in land conquest. With the 
coming of the horse, intcreonrso between tribes was greatly 
facilitated and trade was brisk It is also important to 
bear in mind that a great deal of the fluidity uf eominorcial 
exchange was due to the emphasis upion gift giving. At 
any rate, there is no reason to believe that warfare was ever 
an integral part of Plains economy, as it was, for example, 
iiinoug the marauding bands of the Southwest, nor that 
the prevalence of horse stealing rested upon a purely 
ocoiiomie motive. 

In view of the somewhat conflicting oloiiieiits which have 
bccu referreil to as existent in the acts of Ihq war honor 
scale, the question arises whether there is not some one 
common dement. The answer is in tenns of the underlying 
cultural interest in self aggrandisement. 

Each of the war honors served to demonstrate the su- 
periority of the warrior over his antagonist To wrest 
away the weapon with which a men is fighting, to slap an 
armed enemy in the face and then turn your back on him. 
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to aiiatch bis priisod honee away from under hia very none, 
these were demonstrations of superiority. Certainly the 
slayer, under most oironmstances, miirht consider himself 
saperior to tho sinin Tho iinportanoe lay not only in doing 
these things bnt in doing them without injury to oneself. 

The snoeess of the leader was counted by the number of 
successful expeditions ho had led, not in the amount of dam- 
age which had been done to the enemy nor in the number of 
war honors which had been pcrfornied under his leadership. 
Horses and scalps wore the proofs of suceess and, although 
the flrnt tended to be brought in some numbers, one or two 
scalps furnished success enough oven for a large war party, 
OronfiR were successful if they had shown themselves su- 
Iierior to tho enemy, however slightly, and had returned 
safely to tell the tale 

The rerounting of war honors, the reenacting by war- 
riors of their martial deeds, was an elaborate boasliug. 
Tho prestige of each man depended upon his supenority 
over the enemy and upon his relative standiug with other 
men. This superiority was' figured in terms of war honors 
and it was in this connection that the minute details of the 
fighting situation gained importance. Men might perform 
like deeds but never the same deeds ; and equally brave men 
could, nevertheless, ditferontiate their individnalities by 
such means No warrior of the Plains was ever as bravt as 
another, for each woe brave in his own right, a fact to which 
hie war honors most ably testified. 

Thb Was Pabty 

Both defensive and aggressive warfare wore rei'Ognized 
by the Plains Indian. Defense meant two things : first, the 
pursuit of Binoll enemy parties which had been snocessfal in 
driving off horses or in seeming a few scalfis, and second, 
actual defense from attack. Neither of these called for any 
ceremomol organization. 

Pursuit parties tended to be oompoeed of those who hod 
suffered at the hands of the pursued, and their relatives, ot 
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of ttao warrior aoriety whicb was on police duty at the time,' 
ITnleaa tho anger arouaed by Huch raida was aufSoient for 
(he apontanooDB formatiou of a party, no puranit waa at- 
tempted.' 

Defenae from concerted attack naturally involtred the 
full fighting atrength of the camp under whatever men of 
authority happened to be present. Attacks upon camps of 
fighting strength equal to that of the attacking force fre- 
ifuently resolved into a lining up of the opposing parties, 
supremacy being decided through a sort of dueling in which 
the spectacular powers of a few men were featured Stales 
of scige were also known and although an encaiiipinent 
might be iiupermanent, it was defended to the death by men, 
women and children.* Yet when an attack was coinplutcly 
unexpected, allowing no time for preparation, no defense 
was attempted. In such casos safety consisted in flight 
and concealment, and depended upon the self-reliance of 
the individual or of the family group. 

It is important to remember that the attitudes of Plains 
culture were (Msitive rather than negative. All men were 
warriors of greater or less repute, just as men might, simi' 
larly, be hunters or doctors. A man’s special powers de- 
pended upon the nature of the supematnral powers ho had 
acquired, and, since each man achieved some such powers, 
each had hie role to play. To be a warrior was to have war- 
rior powers. These, like othere, were always accompanied 
by the rites or objects belonging to them. To be a warnor, 
therefore, meant to assume also these acts or objects. If a 
man’s warrior power was connected with a song of five 
ininntOB duration, a hawk wmg to be worn in his scalp lock, 
and a face paint of two colors and an intricate design, he 
could not manipulate tho power unless ho sang the song, 
donned the hawk wing and painted his face. With these 
he was a warrior, without them he was a desperate man 

>0)w7«Mi (U) 111. 
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faced by dauber tu liiumelf and to Ian family. The ustsuuip- 
tiuii of warrior powera waft an iiulividaal neceatiity for alL 
flffhtiniti whether offeuaivo or AKRreasive. 

The distinction between the war party for defoiiso and 
that for nKK< casion did not depend upon the mode or man- 
ner of flfrhtiiiK. ft depended entirely upon which party had 
nssniucd the initiative All the ceremonial care of or- 
jranizatioii and procerlure was laviahod upon the war party 
which liexaii the hostilities It la this airKressivo war party 
to which the term is more aeeurntuly applied. 

Snell distinctions as were made by variona tribes be- 
tween different typos of war party' seem to have been based 
upon the relative amount of eereiiiouial required by each, 
rather than on any other eonsiduratioiis To a eevtaiii ex- 
tent at least the amount of eeremony depended upon tho 
degice to which the tribe us a fuiictioninK nuit was involved 
in the expedition, on the other hand, tho man-power, or size, 
of tho party might vary indefinitely. Although the average 
si«> of the war party might differ for each tribe, it can be 
said with rcrtainty that the Plains war party was fre- 
quently, but uot typically, n small one. Whothor a war 
party cousiateil of one warrior ’ or a man and one or two 
of his most intimate f riouds," or of one to four hundred war- 
riors,' or even of the whole tribe ' tho purpose and general 
form of its procedure did uot change. 

A war party was always organised by a man who wanted 
to go to war himself and who acted os leader or other im- 
portant functionary during the entire period of the party’s 
existence Wherever tribal sanction came into play at all 
it operated by influence bi ought to hear in one way or an- 
other upon this leailer It was BBsumod that all boya longed 

1 Aulnllwlii (13) 544; Blukfoot (SO) 54; Crow (5.1) 138, 185, (M) 
334, Ou(« (S5) 115, Slw (13) HI, II-IS, (15 ) 338; 

^Grow (55) 136, Groi Vontro, (47) 187| llldilM (3.5) 30, lowo 
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to KO to war, an aHsaiiiptiou naturally adopted by tho boyH 
theinscIvcH, and tree piny wan kivcii for the oxorcino of thin 
lonKinR 

Tho importance of the mitral tribal unthority depended 
entirely upon the political net np of each tribe Tn Konernl 
it may be naid that the leadora of the irroup, who had theni- 
nelvcH achieved auocenn na warriorn, exerted their influenei*, 
not to BupproHM belligerent aetionn, but to divert them into 
tho war party channel and to allow this fullcHt expreaaion 
only at such tiiuca as it would not react to tho dinudvantage 
of the rest of the group. 

Charaoteriatically, a supematuial HaiiL-llon or guaiantoo 
of aucooBs was tho main diiitiiietinn betwoiMi the defciiHive 
and tho aggrossivo war party and, Iikewiac, the element of 
the aggressive party which iiiomI conccriipil the non-partici- 
pating members of the group This power (see page 43f)) 
was over and above the wairior powers of individniila and 
grave assurance that the party, as such, would achieve suc- 
cess in the particular venture wliioh was under contempla- 
tion. The organization and eeremomal of the war jmrty 
was largely eoncerned with obtaining and manipulating this 
power. 

The authority of leadership ceased "with the end of 
the war’” or "with the occaaion that railed it forth."' 
This Buthonty might be enforced by disciplinary measures' 
but, since it depended upon a power to which participants 
and noii-participantH alike looked for success, it was gener- 
ally expressed as the respouaibility of tho leader for the 
welfare of his men.* It was peculiarly the function of the 
relationship between the nienibors and the leaders of ex- 
peditions, which, although they might be oiganized through 
eidistmeut ‘ or invitation,' were always felt to bo eninpletely 

1 Reudorf (44) B 
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voinntary. The more eelf-cvident were the warrior powera 
of a man the Ki’^Hter wore hiH ehancea of being' acooptod as 
a leader In Horietiea ariatocratioally ’ or ceremonially ' 
Rtratiflcd, only men in certain positiona miRht be coBBidered 
qualified for martial leaderahip, but war londerahip in 
North America sceina never to have been in the handa of 
a particular aet of permanent offleiala, and iiiemberahip in 
war partica never loat ita voinntary character. 

There wum a poaitive, bat not a one to one, correlation 
lietween warrior powera and the powera attendant upon the 
organisation of a war party. Both powera were achieved by 
the aame inoane. The ohvioua aunilaritiea of the two being 
offaet by tho fact that tear pnriy powers were operative only 
for the particular war party in oonaideration, and accrued 
to the peraonalitiea of the peraons who obtained them, not 
directly, but in the form of war honora Both theae powera 
were conceived aa being individually attained. It la quite 
poaaible that in practice sociological factora, such aa raem- 
berahip in certain Hocietiea becauae of family prestige, and 
the inheritancu of certain war medieinea, influenced the 
pOMReaaion of war powera It ia true, however, to a striking 
degree that war artivitiea may bo coiiaiderod almost without 
reference to such factora. 

Women oocaaionally aoeotnpanied their buabanda upon 
aggressive war partica ' or went upon their own initiative.' 
As a rule, however, war powera wore sought by men. Tho 
I ole of the woman was the enoouragoment of her male rela- 
tivea and her main opportunity to demonatrate bravery waa 
in eaaea of attack. 

There ia aonio evidence to show that boya on their first 
war party were shown special attention ' Male children 

< Alice. (3) 139, (70) 1, 97, Creek (83) 437| Nilfhn- (13) II, 3M, 
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wpro accnetomod to treat eucmy reoiainD ati linuK onemiee ' 
(SCO page 452) aud their Kamos often carried through the 
whole procedure of tho war party." The psychological 
preparation was such that the beginner was “mipellod to 
rockloHs deeds of valor. *’ ‘ 

Infoniiation is sadly confused rcgaiding tlie officials or 
authoritative persons of a war party. Occasionally in the 
literature distinctions are drawn between the “lender" and 
the “partisan" which are UHcfnl but insufficient. A tenta- 
tive tcniiinnlogy based upon function is necessary to clarify 
the orgamzatiou of the war paity A large part of tho 
significance of the systciii aulliiipil below I'csls in the fact 
that it is applicable to all of North America oast of tho 
Rocky Mountains 

Tho war party was led upon its jouiiiey by a niaii who 
may be called its tniVifary Iftuier.' This man might have 
had to obtain the supernatural power necessary for leader- 
ship from another ' who was tho mvUiatur of p»« cr or bo 
might get the power himself,* in which rase ho may be 
known as tho parfMOH. Tho mediator of power in aberrant 
eases accompanied (he war party. The partisan who pos- 
sessed the war party power and led the cxiiedition might se- 
lect other men as military leaders ' Assistants were often 
appointed to serve both military leaders and partisaus. the 
Hasistante of military leaders arc commonly known as lieu- 
tnauts* while those of partisans may be calloil krttle- 
hearffs. Kettle-bearers might function in relation to tho 
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CL'remomal procedure * which occurred before setting out 
upon the journey, or this role might be taken over by a man, 
nlao appointed by the partisan, who was to carry the medi- 
eino bundle ’ The distinctive character of the kettle-bearer 
lay ill his coiiiicctinn with cooking arrangements ' and with 
the control of certain eating and drinking enstoms * which 
■wore common features of war party practice ' 

With the eieeptioii of the (iosition of military leader, 
which IS a role called for by the concept of the war path 
discussed below, all of these positions were fnnetions of the 
war party as such and belonged to its ceremonial None of 
them have any reference to the mode of flghbng. The only 
position mIiicIi fulfllls any sneh purinise is that of scout.' 
The ufoiit was appointed by (ho military leader or partisan 
and served both to protci't the party from a surprise attack 
and to locate an cnoniy cncainpiiicnt The actual Hghtmg 
was (•iitircly in the hands of the warriors and was com- 
pletely distinct from the ceremonial conditions of cither the 
war party or the war path. 

The War Path 

On (he Plains aggressive war activity was oncompusBod 
in one blanket concept — the war path This term occurs 
early in literature on North America, and is applicable in 
its full force to this inland area which came into tho rood 
of travel relatively late. The war path began when any 
tiarticular man conceived the idea of getting together any 
war party and ended with the last dance commemorating 
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tho rotum lo the home camp It waa co-estensivc with the 
duration of (he war paity. 

The war path waa thongfat of ao a definite road in a 
nnmber of tnbea The thonght waa most artienlato for the 
road ' of the jonrney itaolf whieh was conceived os begin- 
ning witli tho first step * taiccn in leaving the camp, continu- 
ing through enemy territory, and ending with tho entrance 
into the homo camp. To only a limited degree was this 
road an actual trail or route ' through known territory, al- 
though a leader would tend to direct his men over ground 
with which he waa familiar In general, (he “road” had u 
strictly ceremonial aigiiificance which influenced the order 
of mardi rather than ita direction 

"■Wo are now concerned . . . with tho preliminaries to 
Hotting out on an expedition. In this and particularly in ro- 
Kpect to the ceremonial procedures, the available literatnre 
ia rather deficient.” ‘ However, there ia anfScient evidence 
to show that the first camp made by tlui war party after 
leaving its village was of apecial ceremonial importance 
This camp woe not that which would uonnally be made 
after the first day’s jonmuy,' but was a atop specially made 
for ceremonial purposes a abort distance from the borne 
village.'' The participants in the party might gather at this 
point, which had been previously designated, or, leaving in 
a body, halt there for the requiaite ceremonies. Tho war 
path was oo-existont with the war party and the leader’s 
first preparation for his position was a withdrawal from 
(he village. This might be marked by tho ceremonial con- 
struction of a lodge outside the village ' and in aueh cases 
tho ceremonies of the first atop or camp might take place 

1 ArlhiiS' (11) 41; CVow (IS) IV, 110; (SS) B34, tfudui (40) 371 
(OS) 387, OJlbviyi (14) 84; Onsliii (24) 3B8; Titoai (IS) 888, 370 
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at thiH Hpot. AlthouKh tlio matorial ih not clear, it would 
Hceni that even when a atop was made at the ontnido lodito 
in preference, or iii addition, to a neparatc location, tho con- 
cept of the hret halt wna retained. Knch n camp, lioyond 
(he boundniy of the villape, refleeted the aabatitntion of the 
load of war for that of peace. 

At the end of each day 'a journey u night eaiiip was 
regularly act up At thia camp ceremonica might be per- 
fonni‘i1 (aee irnge 444) hut they did not contribute directly 
to the war path aa mucIi, except in so far as they ahowed a 
tendency to make tho road “complete 

If circuiiiHtann'a alloiied, ii camp waa made befoie an 
attack upon an enemy village took place ■' The eeremoniea 
of this camp might occur at the regular nightly camp since 
attacks were geni'rally at daybreak lOven in such caaea a 
special halt waa often called ahortly before tho attack. 

After an attack there la indication that another camp or 
halt waa called fur ' In raids in which the attacking forco 
was separated, this was often conceived in forma of a ren- 
dexvona to which tho warnora would return beforo taking 
up tlio homeward march.* It ia corlain that a war party 
alwaya returned in a body. Thero la evidence, however, 
that a ceremonial holt was made either “at the apot where 
Ihey begin to turn book into their own country”' or at a 
place at which they wore aafe from enemy pnsuit.' In the 
latter euae it la not alwaya clear whether the ramp referred 
to waa Bonie place on tho journey back, or whether it waa 
(lie last camp liefore tho entrance into the home village. 
Some tribes certainly made both' and thero aeema little 

1 WmuplMgo (71) 107 
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I'eason to doubt that othoi-a alao of tho triboH held such raeet- 
inRH. The matenal la Boaiity on Itofh the n^rpmonial prepa- 
ration of tho scalpa and on the detormination of the war 
honors taken hf a war party Tho former was always, ex- 
cept in parts of tho Southeastern Culture area, done before 
entrance into the homo villaipi; the liittor seems also to have 
l»een dotonnimKl before the retain, what coreinonios oc- 
curred later being rather in tho nature of an announoenient 
to the tribe at largo than any attempt to establish whirh 
honors wero due each warrior 

There seems to have boon no tribe of tho Plains area, 
with the possible exception of the Ankara, in which the lu- 
lurning war party did nut cnuip outside tlie villago before 
making its entrance. In iinrt, this was in order to prepare 
for the dances which followed; m port to mako that en- 
trance more impressive. But there can bo no doubt that 
the return of a war party was a ceremonial affair whirh 
custoinarily involved the ushering of the suceessful w’ar 
nors into the village hy all ' or some part ’ of those who had 
reniBinod behind. 

The actual entrance was an oerasion of rejoicing in any 
tribe from which war parties wont out. Although there 
IS some ovidonee to show that the return of an nusncccssfiil 
party need not have been an occasion tor tribal comment,' 
successful warriors wero always the center of tribal fes- 
tivities. 

The war path was like a piece of string which is doubled 
bO that its ends meet again : the setting out from tho home 
comp, the first halt, the jounioy, tho lialt before fighting, 
the battle, the halt after the battle, the return journey, the 
holt before entering the home camp, and the entrance itsidf. 
The battle, tho conflict, marks the point at which the string 
is bent back upon itself Nowhere in tho literature is there 
lOnei (1) US 
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a record ot a war parly which did not return after its first 
fight. Chance inoctingn on the return trip were occasion- 
ally taken advantage of to add to the victory, bnt there is 
iiovor any mention of an attempt to locate a second encainp- 
nicnt of the enemy after the first had been enoonntered. 
This was tine also for tlio unsncoeRsful party: a fresh start 
miut be made from the homo village ' The length of tho 
journey varied considerably. Between the tune tho expedi- 
tion was organized and the actual fighting, all ceremony and 
every thought was tnmed to making the ontcome of tho 
combat snceessfnl; as soon as the victory was won all at- 
tention turned to the ceremonies which took place when the 
party would rejoin the other members of its band. This 
becomes clearer as the nature of tho ceremonies is investi- 
gated 

The Indian is frequently reported ns having been sne- 
cessfnl in battle “because of hia medicine” * without further 
description os to its nature, or the report may mn some- 
thing us follows: “the leader of a war party . . . 18 careful 
to bo thought to art under tho gnidanco of the Groat Spirit, 
of whose secret will he nffects to he apprized in dreams, or 
by some ntes.”* However inadequate these statements 
may be, the dilTeroncea inherent in them may not be over- 
looked. 

The great concern of every war party was the buooobb 
with which the expedition might bo attended. As stated 
above, the ceremonies of the war path up to the time of 
buttle were in large part to prepare for victory. 

Frank Russel in speaking of the Pima has auggcslcd 
that magic “plays a larger part in the warfare of the 
American Indian than is generally known.”* The South- 
west IB one of the North American areas where imitative 
magio has been most stressed, yet it cannot bh denied that 
magical control over the ontoomo of battle was not unknown 
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in other reKioUH.' Verj K<‘noi‘ally over tlio continent were 
found ouHtoms uaeociated in some fashion with sexual inter- 
course which were considered harmful or benoflcial to war 
uctivity. Little can be said of these from the available ma- 
toiial except that they wero ofton apparently nurelaled to 
other cultural traits of the tiibes in which they occurred. 
Means were sometimes employed by which natural forces, 
such as mist or duet, were brouRht to the assietanoe of an 
attackinii or pursued party, and by which the enemy might 
be rendered incapable of efficient resistance.’ Unless the 
rooonnting of war deeds is to be considered as imitative 
magic, such magical techniques can lie said to bo normally 
absent from Plains warfare. 

Prophecy was the great basis of assurance upon which 
the Plains Indian depended for suecess in war Occasion- 
ally this took the form of a true oracle* but much more 
oommonly was expressed throngh the droam or the vision.* 
lieports that snecess in war was sought by means of pen- 
ance or self -torture * should probably come under this heail- 
ing, since these were frequent elomonts of the vision quest, 
finch dreams or visions might be interpreted os being either 
''favorable” or ‘‘unfavorable” to the snocess of the war 
venture. No stigma attached to unfavorable droams, and 
either tho warrior who had had the dream, or the entire 
liarty, immediately turned back from the venture tho failure 
of which had thus been indicated. 

Tho vision influenced the war path even more impor- 
tantly through the possibility, or neoesslty, of foreseeing in 
this fashion the deeds which must transpire if the contem- 
plated expedition was to be carried through.* Not only the 

• Orowi (SS) IM, SB4, iS! Alw Euteni Wocdludi, BODlbcsit, uid 
NartkwMt Oout. 
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chance of success or failure waa predicted, but all the at- 
tcudant dotuila of llic war path, auch ui the whereabouts of 
the enemy, the iveathcr, the huntiuK coudiliotiB, the number 
of the enemy and the nature of the victory, mi^ht have to 
Ik' indicated before the war party left the villafie, or durinfc 
the journey itself. Such details wei e widely diRcuRseil and 
upon their acceptance often depended the fate of the war 
party, certainly its ]>ersoiinol 

The power to have prophetic visions might de)iend upon 
I he ownership of a war bundle,' tea medicine bundle de- 
voted to war. Or the war bundle einployod might be tribal, 
kept under the giiurdiiiimhip of some society or kin group 
of the tribe.'' The character of such visions did not differ 
from those obtained Holely on individual initiative: their 
firophetic nature was oiqilicit. 

One of the elements of success with which every member 
of the war party was naturally concerned was his own 
safety To inaurc such safety ho deiieudod upon 1^ skill 
as a warrior and upon certain ai tides from his own, or an- 
other’s medicine bundle, or upon specific "war medicines," 
or charms ' Hnch charms jilayed an important role as pro- 
tection against bnllets, but were by no nveana ibnited to this. 

Wisslcr writes ‘ that "among the general features of the 
war trait-<‘omplpx is the use of a war bundle. With the 
('entral Algonkiu we have spocifio buudlea for this, bat . 
the Fa'wnec took particular objects from bundles having 
general functions. It is not clear, bnt the Iowa may have 
done likewise, and the Ponca, Osage, Omaha, Oto and Kansa 
had war bundles. Among the Blackfoot there were cortaui 
bundles whoso chief function was war. The use of indi- 
vidual war ehaniis, or small bundles was highly developed 
among the Blackfoot, the Qros Ventre, and the Plaius-Ojib- 
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way.” It has boi*n abown above that the funetiou of these 
war bandies iiiixbt diiTor considerably; thoau of the 
Southern Siuax and tlie Crow and Central Alfconkin were 
nminly adjuncts to vision, whereas the niaekfoot eharni was 
ill lui'Ke pait pioteotive Both tyiios of ” bundle” were, 
however, used for prophetic validation. Indeed, lu the 
whole medicine bundle aiea, in whieh the power of the 
bundle was so closely tied to the strenfcth and personality 
of the individual, it is diffienit to conceive of any war partv 
buniK uininndful of its bundles, and their relation to the war 
path as such seems also to have lawn close 

VCah Dances 

111 1819 Fruukhu found the free {lerfurmiiiff appareiillv 
similar dunees “before goiiiK to war” and ‘‘on meeting 
with strange tribes.’" In either ease, the dance involved 
certain definite components. Rinec so many of the social 
activities of tlie Flams contained ii martial element, these 
components are present in a number of dances which would 
not ordinarily be classed as war danecs. How’evur, it is 
possible to show that these comfionents arc a part of war 
activity and connected with this rather than with any olhei 
behavior complex. 

The most common military or war eleitient used in uoii- 
inilitary danecs was that sometimes known as rouutinif 
ruup, called in this paper the recoutitmg of war hunurit. 
In other than war dances, the war honors recounted were 
always those of the narrator and, however realistic, fuue- 
tionod to gfive him prestige and to differentiate his jierson- 
ality from that of others. 

The recounting of war honors illnatrates one of the main 
eompoiieiits of the war dance, the reenuchnent of the fight- 
ing situation. A returning war party rushed upon its home 
village in much the same manner as it would rush an enemy 
comp ' even thongh news had previously been sent ahead 

I (Si) SI. 
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OA to iho details of tlio victory. Aji intcrestiiiK expression 
of this tendency is found among the women in the scalp 
dance, who carried men 'a weapons * or imitated the dress 
of men.' The female relatives of a warrior seem in this 
way to have gained a certain right of participation bi his 
victory and might, at future scalp dances, recount his war 
deeds.' In other regions mimic battles were aometimes 
waged after the return of a war party ' and u|)on the Plains 
sham battles between visiting tribes wore not nnusnal.' But 
(here thu interest centered around the deeds of indindual 
warriors and found full expression m the recounting of war 
honors, during which the most minute and graphic details 
of an engagement were reenacted 

^Vhethor the intcrost in realistic reprodnction of the 
lighting sitnation can be said to have influenced the locale 
of the war dance, it is not possible to say. It is tme, how- 
ever, that war dances commonly took place in the open. 

In 1832 George Catiin wrote: "no part of the human 
race could present a more picturesque and thrilling ap- 
pearance on horseback tlmn a party of Crows, rigged ont in 
all their plumes and trappings — galloping about and yelp- 
ing, m what they call a war parade ... an amusement of 
which they are excessively fond, and groat preparations are 
invariably made for these occasional shows.”' This 
”tuumHinont” not only imitated war behavior bat also in- 
corporated a second component of tha war dance — the 
parade or procosaion. The war path ritnal commonly iii- 
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cludcM] IfRvinf]' Ihe camp and travcliuK in a coinniii in 
a certain order of march waa obaerved and a foature<l pui- 
f ion of the war dunce waa a sort of proceaHioii,* wliieh might 
make a circuit of the entire camp * 

Wnr daiicoa were mallera of group coneeni There an* 
II few platoH< representing acalp dnnccN which show scat- 
tered gronpinga of uninterested pei'aons, but all the descrip- 
tions indicate general group poiticipntion. Dunces pre- 
parator}’ to the foruiution of u war party were eomniouly 
cnrneil into several bunds, or even tribes,'’ and the aculi) 
WHS soinetinies ahared by villages which had not token an 
active part m the victoiy' The preparation for both the 
war dancos and the feasts 'which might aet'ompany them 
iimst have lieen elalsirati* Yet njion the question of their 
organixalioii the literature iiiaintains a complete silence 
It is certain that the nur dances wen* not under the control 
of any of the so-called dancing societies AVelroiiiing 
dances seem to havi* been such natural exTiressions of indi- 
vidual responsiveness to a given situation as to need no or- 
ganization other than the suggestion of tlie chiefs Tins is 
true also of the dances which had to do with pai tieular war 
parties. Although theie aeeiiis little doubt that the insti- 
gation of and the prepaiation for such dances lay inth the 
leaders and members of the part} and their relatives, this 
did not servo in any way as a reslnction upon the lespoii- 
sivo participation of the group 

A war daneo was held in order to obtain the volunteers 
of whom the war parly was eoniposcil This dnneo was 
directly instigated by the prospective leader of the expedi- 
tion It might be simple in eharacter,' sueli as the offer and 
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acceptance of a pipe or a march in which the volnnteera took 
part, or the dance mifcht be elaborate.' In either case the 
enlietment of the warrior was sealed by hie perforniauoe of 
the prescribed act. 

Perhaps the most important of the war dances were 
those which followed upon the retnm of the snccessfnl war 
party. As an old Sioux warrior put it: “the honor was in 
coining home victunuus, and the demonstration was re- 
sciwed to see whether it would be needed when we re- 
turned”' The poriod over which such domoustrationB 
continued might varj’ from a day and a night ' to a whole 
season.' They liegan mih the ceremonial entrunee of the 
party into the village and continued for an indeflnite num- 
ber of days or nights. 

Although no details are known as to the organization of 
these dances, two factors undoubtedly contributed ; the de- 
si ro on the part of the relative* of the leaders and members 
of the party to add to the prestige of the newly crowned 
victors, and the willingness of the rest of the tribe, especi- 
ally those person* to whom scalps had been presented (see 
page ,''tb ,lMk|br them. Lewie reports for the Assim- 
bom* that when a scalp dance was held "the victors’ wives 
oooked food for the dancers” and although the element of 
rendering honor to the victors was always prominent,* it 
seems probable that the members of the war parties bore the 
brunt of the material outlay necessary for the victory 
dances. 

The dancee themselves seem to have been largely nnder 
the supervision of certain uiiidentided old men and women.’ 
The role of women was so marked as to make its desoription 
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practically synonomons with dcBcriptions of the scalp 
dance.' The dances might inclTKle the female relatives of 
warnors, all the warriors with war honors to relate as well 
as the newly retnmed victors, and the old men and women 
in whose memories were stored acconnts of the deetls of 
warriors long dead. Few restrictions seem to have been 
placed upon active participation in the post-warpath 
dances. 

Inevitably, the victory danoes ciqirossed the group’s 
feeling of triumph and supenoiity. They wore occasions 
of "wild rejoicings,"' festivities "to which all came and 
enjoyed tliemsolves,"' celebrations of “uninhibited tri- 
umph" in which all was "individualism, all exultation and 
triumph.”' Probably, however, they were not truly orgi- 
astic, The warriors recounted their war honors with every 
appearance of abandon, heightening the drama of the fight- 
ing situation to the best of their abilities Tet these wore 
examples, not of abandon, but of a very remarkable control, 
for each account was carefully rehearsed, the songs were 
learned and tho record was an expression of studied dra- 
matic effect. 

Although in the heat of battle the warriors allowed 
thomeelves every excess in mutilating the bodies of their 
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MiemiuH' and aevered body members ware even carried home 
tot the women and young boya to gloat over and "enjoy," * 
such action was an expreeaion of fighting fervor, attained 
by the men only in the midst of battle, and by the women in 
retaliation for loved ones lost at the hands of the enemy. 
Occasionally sevored body parts were earned in the post- 
iMir)iutli dances'' But most commonly such abandon oc- 
ciirirsl imnieiliAtely ujion the return of the parly and was 
iiol ])arl of the dance situation, and the dances, which were 
largely social iii character, were exultant ratlier than sad- 
istic nr grim 

It IS important to note that competition for individual 
honor was not the only feature of the post-warpalh dances, 
interest centered in the superiority of the relnmetl jmrtv in 
particular and of the group in general over the enemy, and 
the recounted war honors emphasized the part oaeh hod 
played in demonst rating it. Thu aggrondizcmunt of the 
entire group was sought through dcelarutinns of superior- 
ity and tuuntiug iiisisteuco upon the inferiority of the foe. 

SCALPINO 

It is not easy to fit scalping into (he syatem of graded 
war honors, uor to see (he scalp merely as a trophy in the 
war dances, as either of these have been deseribod For 
this louaon the tendency has been to subordinate the role 
which scalping played as an actual pai't of the Plains war 
complex, in favor of the more distiuotive custom of coup 
counting. Ill reality only two Plains tribes did so snbor- 
(biiate it ■ the (’heyonne and the Orow. Plains war parties 
set out with either or both of two avowed parposes : to cap- 
ture horses, and to take scalps. Prootically these were not 

> AnlHiboini (13) 4S1, 9Sl, Chayciw (7) 483) (33) £8, 89, 833, (88) 
3S7| Oomiuclw (33) II, 317, Urea. (13) ittf Cnmi (13) 481) (38) 831, 
(Iroa Ventn (47) 811, Hidstas (63) 404| OJlbwiji (1) 4BS, (88) ISl, 
Oinalim (84) 3881 Siosi (88) 163) (48) 830 
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nccenuarily divorctMl, and war honors could be acbievcd 
(Miually in either quest, yet they were disparate. The cap- 
ture of horses has already been discusHcd m its rtdation (u 
the system of ^redod war honors. Attention must now 
turn to the taking of scalps. The following paragraphs 
deal with the function of the scalp in what 11. A. Dorsey has 
culled the “niouriiing-wur’* situation.' 

ReviMige is froiincntly said to have been among tlie mo- 
tives fur the fortUHtum of war {lurtics tVrtuinly one of 
the snrest ways of arousing the fighting spirit was to ic- 
iiiind voung men of the wrongs which then tnhe hud suf- 
fered at the hands of an enernv There was, however, no 
state of continued blood feud existent in uuy Plains tribe. 
The whole iiiacliinory for long-enduring and systematic 
rovonge was eoinplctoly absent War parties were loose 
aggregates of individuals only lempniarily muted and they 
cut aerobs all the religions, politieal and social groupings 
which normally function to join men for cooperative effort 
Men might be urged by relatives and leaders to go to war, 
but only one thing served to bind the members of a partj 
together ■ the desire to fight and to return home suecessful 
Nevertheless, it tho material is examined closely certain 
connections between death and war emerge War parties 
were commonly instigated bv perMons who had lust a 
spouse, a child or a close relative,' yet (he impulse was the 
harae whothor the loved one had been killed by the enemy 
or not. The causal ageut of death seems to have been 
relatively nmniportant. Tho attitude toward death was 
reaJibtic, aorcery and witchcraft were not connected with i( 
Yet, “saddened and angered by sorrow, it is a common 
thing for the men, at loss of friend or km to announce the 
fact that their heart is bad, and start at once on the war- 
path.” * 

' ( 81 ). 
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Leaders or mombere of war partiee might havo been 
monmern.' The eralpa taken might havo been given to 
monmerH of the village * upon tlie return of the war party 
to ite houie camp, or might aimply have been placed upon 
the graves of the recently deceased,' and “dancing the 
scalp’’ pul an end to the period of mourning.' This com- 
mon interest in the death eitnation seeine also to have 
played its part not only in cementing the members of the 
war part}’ together for the duration of the war patli but also 
in mamtniniiig ii close contact between each wur party and 
tlio rest of the people. 

The emphasis upon dignity, genorosily and equanimity 
which the mature Plains Indian insisted upon in his out- 
look upon life broke down completely when he faced the 
crisis of death His grief took the most extreme forms of 
nnkemptness, of mutilation, of blood letting hy piercing or 
gashing his amis, kgs or head. Not only were these 
agonies of grief permitted by the society, they were ex- 
pected At such times individuals were recognised as being 
nnstahle and were carefully guarded to prevent suicide.' 
It wan in this state of mind that the inonmer turned to war. 
Mourning seems to have been compounded of tho emo- 
tions of grief, anger and shame. It followed upon the loss 
of a near relative but was not limited to such oocasions. A 
man might go to war when he was in mourmng either “for 
dead kindred or for stolen property.’’* A man who “felt 
aggrieved’’' might turn to warfare. The key to the situa- 
tion seems to lie m the nimple fact that war waa the occasion 

I AiUan (0) 27S, AhIbUioIbi (19) 499; Bliskfoot' (78) II, 908; 
Onw VentiTi (47) ISl, Kuw (28) S70, 878; OauhS: (30 ) 408; Oms* 
(21) 404 
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par oxcollcncc for reinatatiiin oup’s prido. The ideii] 
Kamut of exrited emotion waa that which began with auch 
inonming, ran through nelf-violenoe to violence upon uu 
enemy, and terminated in aocial recognition of suoceaH in 
war. 

It Ih important to recognize that these situations, mouru- 
uig and war, wore the only situations in which violence was 
culturally recognized Murder was discountenanccfl, quar- 
reling and bickering were idoally tabu, and nothing could bo 
less violeut than the matter-of-fact way in which saci-iAcial 
self-mutilation was undertaken. Yet the Plains Indiana 
were decidedly not a calm people and the effect of this oul- 
tnral concept was to direct all violent emotional expresHion 
into warfare and its accumpaiiying ceremonials. 

The writer recognizes that to bandy with the emotions of 
an almost dead culture in the above ^shion is to tread on 
controversial ground. The conclusion she wishes to draw 
in relation to sculping, however, is rather simple: a tic 
existed between mourning for a dead relative and going to 
war which cannot be satisfactorily explained as revenge 
and, in some way or other, the Plains Indian thought of this 
tie in tenns of thu scalp. 

Altliougli this matorial is from Siouan village tribes, the 
I'ounootion of ideas which it expresses has been shou n to be 
general in (he Plains. Its significance lies in tho fact that, 
despito its ceremonial uniqueness, its conceptual content is 
not unique. Bocanse of this sigiiiflcance the matenal is 
here given in some detail. 

On Jnly 27, 1827, six Osage landed at Havre. They 
were the remnant of twenty-five who had started down the 
Missouri in the beginning of the same year. Evidently, the 
two Frenchmen who accompanied them hod planned the 
same aort of mission os those later taken over by the great 
ahowraan, George Gatlin. Their arrival at Havre was 
heralded by an article probably dwelling npon the spectacn- 
lar side of th^life of these "savagea" for it aronsed Paul 
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ViNHirr to a refutation Thu aniiiu year, in Paris, he pub- 
lished ' au artirlu dcaliuff with the oironmBpectinii they 
used in carrying on tliat moat glaring of their sappoacd 
atrocities — war. Vissior admits to having drawn freely 
upon the “Journal des Voyages’’ but it is probable that he 
interviewed the four visiting Osage warriora. He shows 
liiiiiself, at any late, as a rather exceptional ethnologist. 

In 1884 J Owen Dorsey iiubhshed * a fall acooniit of the 
war parties of (he Osage. At this time (he war party was 
recent enongli to have a living reality for the jieople. The 
material of George A. Dorsey * obtuiui‘d in A]>ril 1902 iiiih- 
ealcs that the war party was a matter of nieniory but the 
iiii)ioitnuee of the rite as such remained in full foiec. 
■Speck's iiiuteiiul published lu 1907-8 says of the same cere- 
mony* that the Osage themselves recogniw? it os "their 
most characi eristic religious observance.” The nnsent in- 
formation of Francis la Fleselie ' selves mainly to fill out 
1 I 1 C ritual foiiii of .1 0. Dorsey’s very full account and to 
lend the W’hule a eosiiiic synibolisin which is largely larking 
ill earlier reports. 

The cliHiige m tone of the various ueeoiints is note- 
wortln In part it is to bo explaiued by the ditfereuees in 
the accounts themselves. Yet to a marked degree the ehango 
is explicable in terms of cultural ehango over a period of 
years The Vissiei and J. O. Doisey dosoiiptions arc 
cleurlv methods by which a wni party was gotten nndei 
way Vissier earnes the party through to a gory conclu- 
sion ; Dorsey brings it home in triumph. In both the situa- 
tion IS that of actual warfare. The ceremony of 1902 was 
a mockery of war hut it held all of its former signifleanee in 
relation to the situation of death; it was a ceremony to 
bring the period of munming to a close. Speck’s oeremony 
forms a “ransom” for the Iibrioh soul which cannot pass 
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into the spiiit laiiil unlit a scalp Iibh been plactnl n( the 
(travc. Saucy-Calf ffnve his ritnul knowlcdii^c to la FIcsoho 
that its cosmic sifpiificnncc niifcht not bo lust forever. In 
any attempt to arrive at a concept, however static, of the 
ceremony itself not one of these asiiocts may he overluokod. 
Hv a happy combination of opportune time and capable rc- 
portinir, the account of 1884 caught them all. Three types 
of OsDffc war party were diHtininuxIiod by J (). Dorsey — an 
annual, tribal expedition, n snored bni; party wbieh miKlil 
occur at anv hoasoii of the year, and the horse- stcaUn^ raid 
111 which the “customs aie sinular to the others." Tho 
customs (lortaiiiinp to each of these “aic iiirouiplole, beiii); 
obtainia] from a member of the principnl peace Roiis 
Afuicover, there are customs ]ieoiihiir to each p;ens, whicii 
Hi'e not faiiuhar to moinboTS of other gens." 

“When the warnors weio iilmut to organize for wai 
they chose ii man to act us ^•cplChcntotlve, not only of the 
narriors lint of all the people.” ‘ After a period of “vigil" 
this iiiouriiei sek-ctiM.! a man from the opposite side of the 
ciinip circle to act as military leiuler of the ex|ieiiition and 
to “mourn with him." “tV elioix etant iin grand bouciir, 
est loujonrs accepte It is clear tlml the imrtisnn was 
“a very near relative of the decedent The great dif- 
fci'cnco between the Irihul and sucicd bag parlies was tluit 
111 tho former the entire tube was leprescnted in the poi- 
sons of the two monriiors, whereas in the latter the mourner 
or partisan represented only his own gens. Although each 
party was composed of standard bearci s and warnors from 
botli sides of the camp circle, one of lliem assumed the re- 
HfKinhibilil.v of allaying the mourning of the tribe, the other 
funetioDod only for the gens of the deceased The cere- 
mony of the tribal party included oil of the warriors of the 
tribe, although all of these need not go upon the wui patli, 
nnd the whole group waa included in certain encircling pro- 
cessions not fonnd in the ritnal of the smaller party. Both 
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partieH entailed the Heleeltou of a kettle bearer, of ataudard 
bearers and of licntenants. These officers, who were drawn 
from both sides of the camp circle, assuiuod completely re- 
ciprocal ceremonial roles. Each mourner wae instructed 
by a “teacher,” the mediator of power, who controlled the 
ritual of the sacred packs of war. The ceremonies of the 
four days preceding the departure of the party included the 
re<‘iprocnl war path rituals, the mcdidiie bundle rituals, and 
the inouniinK cercnioiuea. The horse stealing expeditiou 
differed from the aliove only by the multiplication of the 
possible number of partisans, each of whom had assumed 
individual responsibility as “a mourner fur dead kindred, 
or for stolen property.”* 

When the party met the enemy, at least one of these 
was killed ceremomally, his head suvorod (nu act which en- 
tailed special honor) and the body arranged in a certain 
fashion which included the use of the standards, prepareil 
beforehand, borne by special officers and now left npon the 
Held of battle. In May of 1863 a band of Confederate offi- 
cers, who hod set out to incite the Indians to war against 
the Umon, was slain by a group of loyal Osage; “the heads, 
besides being sculped, had been, nocording to the Osage 
custom, severed from the bodies . , . somo being found at 
a considerable distance” from the bodies.' In the massacre 
of the Kiowa in 1833 the Osage also beheaded their enemies, 
making such an impression upon the Kiowa survirnrs that 
they declared that the Osage '*lfefer scalped.”' Tho 
scalp, likewise, was ceremonially taken and prepared* by 
the partisan to whom belonged all the scalps taken by tho 
iiiciubers of the party. The partisan hsd, of course, no 
claim upon tho war honors of the members, which wero 

1 (SB) ISI 

• (o as 

• (78) aso. In hl> rcrlnr (Amtrtras AsiSropglosiit, IX, 1S07) of 0 
Vmirriei't "SkolplcroB and aluilirbo Kriogyebiswho " Vomtj ndtonlod 
hU otitriiioat thtt la tsll tile Oeago illil not mlpw “Abor taniOo (ber die 
SkalpaobnoelM dor Oiogeo babea ini onaont goto aad olagrtoDdt Beidohto" 
(Sa, 2S) ud wo Biiiit eonelode, u did TnederM, that la geaoial tba Oiago 
rertalalj took icalpa. 

' « (BS) ISO I (IT) SS8-7 



WAE COMPLEX OP PLAINS INDIANS 


469 


eetabluhed by a trial over the sacred baits of \rar, after the 
return to the home camp. 

The scalp dance was not a necessary part of the dances 
which followed upon the return of the viotorions warriors. 
But the scalp itself was retained to allay the grief of the 
gens, and placed in the medicine bundle by the monrner of 
the sacred bag war party, or, distributed by the partisan 
of the tribal expedition to those of the tribe who were in 
mourning, the portions being placed upon the graves. The 
ceremonies which aocompanied this were not tribal and 
served to bring to an end the individual's period of mourn- 
ing. 

.1. 0. Dorsey also recorded a description of the “ Mourn- 
ing and War Customs of the Kansas” ‘ which corresponds 
very closely to the account of the Oaage gnven twenty-five 
years later.’ In both, the war ceremony which had lost all 
of its former military reality was retained as uecessaiy in 
dealing with the orisia of death. "When a memlier of a 
family dies, a warrior of the band to which the family be- 
longs is ohosen to make propitiation . . . takes a body of 
warriors . . . and goes out on a war expedition against 
Boiiie hostile tribe. If he is suecossful in taking scalps nr 
stealing horses he returns, aud the widow con put asido her 
mourning and in at liberty to marry again. If a wommi 
dies, the husband selects the one to make propitiation ; tlie 
father if a child dies.”* The Kansa emphasis upon this 
motivation for war went so far as to rob the familiar coup 
of some of its meaning; the chief war deeds were ‘‘killing, 
or Mlling and sealping a foe,” stealing horses was ‘‘credit- 
able, but counting coup was of no importance, although it 
was looked upon as a bravo act ” ’ In 1902 the Osage party 
had killed a deer; a “wolf, bird, or other creature”* could 
also have served; the Kansa in 1883 killed several prairie 
' <s«). 
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chickciiH, But III each ratic a war iiarty bcuriiiff a aoalp wac 
a upcPHBury ending (o the jMiriod of mourning 

The eoiinectiou Indwecn the death of an enemy and the 
death of a tnlial niembiw, and the rolo of tho eoalp aa inter- 
mediate between the two, eaniint be avoided. Although it 
18 beyond the hoope of thia paper ndeiiuately to prove Hurh 
a thuHis, the writer believes that sculping w'us one aspect of 
an underlying New World complex, that in North America, 
iMiht of the Uooki<*H, at leaHt a relutionahip can lie eatabllHlied 
between this complex and what may be called for want of u 
lietter name a cult of tho dead, and finally, that an such it 
was eiosely knit into the wur complex and into the emotional 
life of the Plaiiia Indian 

CoNciiiisioNa 

t^ertain coiicluaioiiH as to the organi74ilion and aignifi- 
cance of the PlaitiH war complex may be drawn from the 
preceding diHCUBRiong: 

(1) The syNtein of graded war bonora depended upon 
the incluHion of martial proweaa in the Plains ideal of man- 
hood and of social virtue. This systciii gave peculiar play 
to individnaliHiii and to a culturally accepted form of self 
aggrandizement. 

(2) The uoeoiupliahment of just those feats which, in 
rerounling, enhanced the prestigo and difTorentiated the 
personality of the individual, aervM, in actual performance, 
to knit these individuals into a functioning unit. 

(3) The deeds chosen for social recognition may bo clas- 
sified according as they represented: (a) fearlosaness, (b) 
the ability to make surprise attacks, (c) the powers of 
leadership and organization and (d) tho taking of a scalp. 
It is probable that these indicate a standard of the martial 
values. 

(4) Defense was included in warfare only in so far as 
it contained elements of uggreseiou. 

(5) The aggressive fighting unit was the war party, both 
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Ihe leadership and meniborahip of whieh was temporary 
and voluntary . 

(6) The war path embodied certain ceremonies which 
emphasized the cohesion of the ilRhtinK unit and which 
sharply defined the duration of such unity. 

(7) War dances marked the organization of the war 
party and its dissolution, and servwl to give publicity to 
both. 

(8) There was a definite connection between mourning 
Kiul war The emotions of grief, anger and shame which 
the former oxciteil were allayeil by social recognition of 
snccesH in tho latter. 

(9) Inihviduals who could not themselves go upon the 
war path were dependent upon the success of others to allay 
the emotions of mourning. The scalp was the symbol 
around which such emotions eeniured and to receive a sculp 
was to cease to mourn. There was a consequent compul- 
sion and social obligation on the part of warriors to obtain 
scalps. This obligation did not negate the voluntary char- 
acter of the war party. 

(10) Within the mourning-war behaviors were chan- 
nelled all of the violent and socially disruptive reactions. 

(11) Notwithstanding its elements of individual com- 
petition, tho warfare of the Plains was one of the sti-ongly 
socializing institutions which the culture recognized. 
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WATER ARD ITS RBLATIORSHIP TO OIYQER 
CORSUMPnOR ARD PHOSPHORDS UBE^ATIOR 

u 
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ABSTBArr 

The pnuBiit InveAtlfBlion lepnaentA bb Bttrmpt to obLua certitlD funriu- 
inentBl lh«otBtinl (IbIb od phj^ci] Bnd elienilrd piaeoMB BcrampBnyinji 
(Ut'OliipaBltion of mBrina ori^Biilc tnBttn nrhlrh bib nwded, In pBitirnkr, for 
InveBtljiBUon of tlir orlfln of tbe miiiimum onyRon ronrcntiBtlon In the dubb 
baalni. Five MpBrBte eKperlmentB (In duplIcBle), ranulnii up to 38.1 huun 
duntlon, were ruriad nut under runtmlled Inhoritory rnoditlona For mrh 
axperlmnnt welched Bmounte of freeh (nOpfauikton fnm Wnodii Hole elnnjty 
were permitted to deeompnne In a llcht-proof eppamtue, and ratee of oiycen 
anmamptfam, pbnqibanii liberation, and arttllng velocitlea of the oicanlo debria 
aaUmslBd nt etated lotervala 

The analytical reaulla Indicate a divergence nf the two chemloal proeemeM 
In an far aa lahoratory eondltkma are eoncerned llm rate of oxygen cwnmimption 
from 0 to 3N0 boon after death dnraared approximately linearly with time 
Un the other hand, phnaphonH llheialion aho<^ no apparent cnntinuoua regu- 
laKty, but there waa a rapid llhnatkin nf phoephatr for approxlnwtely 34 houra 
after death of tbe organli^ with a rajdd decline thereafter Settling velocitiea 
of the denompoaing organie dabna in aea water (denarty, ri 30 88-31 70) de- 
creaaed from about 0 37 to 0 08 rm/irr between 2 and 38.1 houie after death of 
the organlama. Theae data are aub)eeted to aperlal treatment on the aaaumpllou 
of the applicability of Stokea' 1«w (for owtlon of a aphere through a vimua 
medium), and the mean valuo of the deniity and varlallon of the "equivalent 
ladlua" eatlniated. The "equivalent ladlua" of the organlo paitlrlea appaan to 
derreane Unenriy with time 

Rreuhe of the nnalyala of iwttling veloritice were applied to an ocoaulr aiea 
(repi ta e n ted by "Atlantia” atalinn 1170) not with the Intention of llluatratlng 
aetual oondltluDi In nature, hut rather to ahow how leaulte of oontrolird laboratory 
experlmenta may be rnmUned with a natural oceanographic let up to obtain 
haide Information on lawi regulating depomponltlon In the lea. CalmlaUnm 
were made, on the btalt of derived equatlona, to iUuetiate relatlonahlp between 
the lednoUoti of “equivelent radii” with dt^ and the leUUonehlp between 
time and depth for organic pertldee (of verioue Initial elma) ee they bM through 
walnr of known denalty atratifleathm It appMia raeantiahla to lamime that Uw 
leaulta ImUcata, In a ganaral way, the moohaaiaiu uiulttlyljig cerlaln of tbe 
blolafietl actlvklae which alter the rUatiibutioa cl norKoneenatlVB piopertlea 
(eueh ei oxygen) In Ihn aea. 

< Uontrlbiitlon No. 183 from the Wooda Hole Oceanographic Inatltulhui 

nooaxMiraB on rat auiui'am pmuwovuicAL aooirrr, 

TPk 78, k, lamiaar, 1IIR8 485 
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I. Introduction 

This paper la a report on a aeries of laboratory experiments 
earned out for the purpose of obtaining elementary data on 
the relation between the sinking of decomposing marine so* 
oplankton in sea water and its consumption of oxygen and 
liberation of phosphorus The experiments, earned out under 
controlled laboratory conditions, were planned as an approach 
to the quantitative ineasurcnient of decomposition artivity in 
the sea, and, while the artificial conditions of the laboratory 
disturb the equihbria of the natural reaetions and limit the 
practicability of the apphcation of the final results to the sea, 
an even greater hindrance in investigations of this kind is in 
the selection of the kind of material for study. 

The interpretation of organic decomposition studies is 
difficult particularly in view of the limited knowledge of the 
fundamental structure on which all problems of marine organic 
decomposition rest, namely, the relative ngniflcBnee of its 
various size classes in nature. Hence, until this and similar 
questions of practical oceanography are investigated the ap- 
plication of results of physical and chemical laboratory experi- 
ments ran do bttle but suggest, in a general way, the laws 
underlying the biochemical and physiological mechanisms of 
the sea 

It IB the plan of this paper to present first the results of the 
laboratory cxperunenls and then to apply these data to a 
specified part of the North Atlantic qcean. No claim is made 
that this nceamc application gives a correct picture of what 
happens m nature, but rather indicates bow a type of organic 
matter might behave m the water if it should act m nature as 
in the laboratory 

II. Mhthous 

The animal plankton (chiefly ropepod) used for analyses 
was collected with a one meter diameter stramin net at depths 
of 10 to 30 meters in the vicinity of Woods H<de. Weighed 
amounts of wet plankton were placed m amber glass bottles in 
a light proof apparatus where a continuous flow of sea water 
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waa m&iutainpd over the decumposing material. Hamples 
both of water and plankton were removed at vanoua mtervaln 
(up to 280 hours after death) for estimation of oxygen con- 
sumption and phosphorus liberation on the former, and of free 
fall velocities on the latter. An approximately coiuilant 
oxygen pressure waa maintained in the bottles at temperatures 
between 22° and 25° throughout the expenment 

Oxygen and phosphate were estimated by standard 
methods of oceanographic procedure (Seiwell, 19.‘)4 and 19.35), 
and, fur esliination of the free fall velocities, small quantities 
of the decomposing organic matter were allowed to settle m a 
Nessler tube through a measured distance (25 centimeters) of 
sea water of known density. 


III. ExrKBIMINTAL RESULTS 
(a) Oxygen Conawnpbon 

.\mounta of plankton rangmg from 0 4 to 2.4 grams (wet 
weight ) were used for each of the experiments. The results, 

expressed as grams of oxygen consumed ^ ^ per hour 

per gram of wet plankton, which are plotted in Fig. 1 against 



Fiq 1 Tiim vEJi«liua of oiyfni connuniptjofi biutpd un data ln>m five 
coDtroUed laboiatory CKpemnonta The ntnughl li/ir Itrud lia^ been flttad by 
the method of leaat equane. 


age of the dead plankton (refemng from the time the plankton 
was put m the apparatus at the begmning of each experiment) 
suggest a hnear r^uolion with time in the consumption rate. 
The best straight line fitting these data (for 0 to 280 hours), 
by the method of least squares, has the equation. 



10-' [0 2154 - 0 000561 1] 


( 1 ) 
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where f (hours) is the age of the dead plankton, and, — , 

the oxygen consumption expressed as grams of oxygen per 
hour per gram of (wet) plankton at temperatures of 22° to 25° 
In these experiments fresh sea water continually flowed over 
the decomposing material and the results would appear to be 
but little influenced by the decompoution of other suspended 
or dissolved organir material present m the sea water itself 
such as, for instance, has been reported by Waksman and 
Renn (1936) 

(b) Photphate LAerahon 

The determinations (given in table 1) were made simul- 
taneously with those for oxygen consumption. 

The data m table 1 show little consistency but there is a 
rapid (and apparently the maximum) liberation of phosphate 
phosphorus in the vicimty of 24 hours after death of the 
plankton, still later a rapid drop in rate of phosphate liberation 
occurs and it appears frequently that the rate of liberation is 
exceeded by the rate of consumption of phosphate (both from 
sea water and the decomposing plankton) by the growth of 
organisms associated with the decomposition A slnular 
liberation of phosphate has been observ^ by Cooper (1935), 
from his results we judge that about one third to one fourth of 
the amount of phosphate added as lodplankton to sea water 
was set free durmg the flrst twelve hours, while an amount 
equivalent to that added as soAplankton was hberated in 
about 0 days. 

(c) Free F<dl Velonlp of Decompoeing Plankton 
The measurementa (table 2) were made in sea water with a 
temperature range of 22° to 25°, a salinity range of 30.97 
0/00 to 31.09 0/00, and a density (a-,) range of 20.66 to 21.70. 
The actual density values for each measuremont were c^cu- 
lated from temperature and sahnity of the water Kach 
value in table 2 is the mean of ten to fifteen individual 
measurements. 

In the treatment of this data we have assumed that the 
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rale of ainking of the particles of organir matter followed 
Stokes formula for the rate of settling (o) of small particles 
of radius, r, and density, m, under the influence of gravity, y, 
through a hquid (or gaseous) dispersing medium of density, p, 
and viscosity, p, thus ' 

(2) 11 = ^»^{po - p) 

The formula stipulates that the particle should be spherical 
and since this condition is obviously not fulfilled in the case of 
organic particles we have used an “equivalent radius” such 
as has been introduced by Oden (flnpenherg, 1934) Since 
the sue of the orgamc particle becomes smaller as decomposi- 
tion proceeds the “equivalent radius” will become smaller 
with the increased state of the decomposition. Hence, at the 
outset an effort was made to determine r ss a function of time 
by using the following procedure 

In the iitokes equation (2) the two unknown quantities 
were the density of the sinking particles, p,, and their radii, r 
(the viscosity, p, and density, p, of the dispersing medium 
are calculated from its temperature and salinity) ' To de- 
terimne po the assumption was made that the density was 
the same for all particles studied and remained constant 
throughout the duration of the experiments (this is not stnctly 
correct but appears necessary if the data ore to be reduced) 
Then, by l.aking vanous pairs of free fall measurements nli- 
toined for the same age of the decomposing plankton, but from 
different experiments where the densiUea of the dispersing 
media were different, a number of pairs of simultaneous equa- 
tions were obtained and solved for p«. (This method of attack 
also makes use of the assumption that equal "equivalent radii” 
characterise equal ages of the various samples of decomposing 
plankton.) Finally, from the various individual values of po 
a determination of tho arithmetic mean gave, what was as- 

> For tho matarUI itndM, It wo* obwrved that tor any paitirlo slnkloK 
throu^ the water a prartinlly coiiatant velocity appeared to pendat from the 
benlnniiis 

■ Vlenwity of na water wae oalmlated for data flven by Kiilimnol (1BU7), 
and denelty from Knudaen (1801) 
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aUEnod to be, the moat likely value for the density of the par- 
tielea. Thus, we obtained from the data under consideration ‘ 

Po»« - 1 02351 

as the moat likely value of po to be uxed for calculation of the 
tinu' variation of I ho equivalent radius, r. The moan density 
of the media lu which the plankton deeumpoeed was found to 
be I 02100, thus, giving a density difference, between organic 
matter and the external media, of 0.00242 (a value which 
aeems reasonable). 

.\fter insertion of the proper values m Stokes formula (2) 
the change of r with lime was calculated (from data in tabic 2), 
the results are plotted in figure 2 The points show a linear 



decrease of r with time and the best straight line fit (by the 
method of least squares) has an equation of the form. 

(3) r » r, - /9t 

where 

r, - 7.968 X 10^ cm. and - 6.360 X 10~' cm./aec. 

The validity of the linear decline of r with time may be 
verified on the assumption that the rate of decomposition is 
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probably proportional to the area of the particlea, and if M 
be the mam of a particle and r its radiiu, then 


cir 


and conwquuully . 


dM 

dt 


- ibr» 


* 

dl~ 


- P 


T - To - Pt 


The determination of r may be iwefui an an index for 
charaolcrixalion of certain decompnaition etudien of thia type 
The value of d m calculated from rcaulta obtained at leinpora- 
lurea of 22® to 25°. 


IV. Appuoatio.n or Expcrimkntal Resulth to the Ocean 

Application of the foregoing experimental reaulta to the 
aea in made, not with any intention of illuatratlng actual condi- 
tions in nature, but of showing how results of controlled 
laboratory expenments may be combined with an observed 
oceanographic set up in nature for the purpose of obtsimng 
information on the laws regulating decomposition in the sea 

In the concluding port of this paper we calculated for an 
oceanic area, as represented by ‘‘Atlantis” station 1170 
(14® 47'N, 40° 58'W), the change with depth of “equivalent 
radii” of particles of various initial sins ss they sink from the 
surface layer into the depths; and the time required for these 
particles to sink. The data are based on an assumed constant 
density of the particles corresponding to the known density of 
the water at a great depth {e.g, 1050 meters), the effect of 
eddying motion of the water is disregarded. 

(a) DiBtnbution of Dennty at “AUaniia" Station 1170 

The vertical distnbutian of density (0-1950 meters) at 
“Atlantis” staUon 1170 (14° 47' N.. 40° 58' W ) is illustrated 
by Fig. 3. Between depths of 1960 and 60 meters (taking the 



474 M R HKIWKUj ANU CILAUVR EUDY HGIWKU 


g axis as ponitive upwards) tho density distribution may be 
approximated by tho hyperbola. 

(4) (». = 27 81 + 4^jjpr-92-4(}20iri0"^ 

the dutanre 2 is measured in 'eentimeters upwards from 1950 


flMmr 


— i^fl — iffi — 1^4 



Fla J Vpitlnl lUntrlbuUon of dennty (r,) it “AUaiitlii" onmaoanpbk 
Matlon 1170 (14* 47' N. 40* SN' W) The point* iJraig tbe curve (mu calcalated 

Iron, the hypcrbol. - 27 SI + where the .«!. 1. 

poelUve upnrdi Frora IfiSO meten. 


meters. The values of determined by this equation for 
various values of 2 ate indicated along the curve in Fig. 3 
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(b) Change in “Kquioalenl Radti" of I’articlee Sinking Through 
the Water Column at Station 1170 

We ronsidered the sinking through the water rolumn of 
organic particles onginaluigin the upper 50 meter layer, the 
density of the particles corresponded to that of the water at a 
depth of 1950 meters (* = 0, iri — 27 81, po - 1 02781) and re- 
mained constant during tho sinking process 

The vertical distnbution of density between « - 0 (1950 
meters) and i » 19 00 X 10' cma (50 meters) at station 1170 
is 

<r, - 27 81 -I- ^ 5889* - 02 4029"x‘ ll)' 
or 

P -Po + at'+h' 

where 

p - <r, X 10-' -f 1 00000, 

Po - 1 02781, 
rt - 4 5889 X 10', 

6 - - 92 4029 X 10'. 

From iStokes’ law we have 


e 


di 
- dt 


2 ? 

'Jp 


r'fpo - p) 


where po is tho density of the sinking particle taken to equal 
1 02781, and after substitution we have 

dl Mfi \a2 h ) 

also we may write 

dt lU ^ 
dt“ dr’ dl 


and since from equation (3) 


or 


r - r, - jj( 
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<i2 “ 


Substituting in the above equation we Anally ubfain 


( 5 ) 

where 


3f + bj 



Integrating equation 5 given the change of r with z or 

(0) « + bln*-|^+C 


where C in the constant of integration to be evaluated. We 
now let h equal the distance above s » 0 at which depth the 
particles of initial radius r« begin to sink into the water. 
Hence, the conchtione imposed on the above equation are 
when 

» - fc, r ■■ ri 


or 


C 


oh + 6 In h — 


krt‘ 

3fi 


and after substituting for C we obtain as the Anal relation 
between r and s. 

(7J r* - r,> + o(f - h) + 6 In j] 

The following constants were determined for the water 
column between z - 0 and z — 19.00 X 10* cm. (1060 to 50 
meters) at station 1170. ■ 7.45°; 5 0/00.^ - 36.11; 

a > 0.0161 dyne-sec/cm.*; from the experimental data 

^ - 5 360 X 10~' cm./sec., and Anally a 4.6880 X 10*, 
6 - - 92.4620 X lO*. 

Since tbe effect of pressure on vucosity of the water u not 
known we have used a value of p determined from the mean 
temperature and salimly of the water between 60 and 1060 
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metera (any further refinement appoani to be auperfluoue). 
Furthermore, the value of ^ in aasumed to be independent of 
temperature, this ia probably not correct but m the light of our 
present knowledge is the bmt that can be done. Wc, thus, 
calculated the values: 

fc - - ^ - 1.4432 X 10' 

^ - 3.7112 X lO-" 


1 — T < f - f - T ■ 7 ? T 



The relation between r and s la calculated for three values 
of initial radii (r,) at fiO meters depth; these initial values are: 
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rg — 0.0S85 cm. 
fg ■■ 0.177 cm. 
rg •• 0 354 cm. 

Tg =« 0.708 cm. 

and (he reaulto arc graphically illuatrated by Fig. 4 The 
value, rg 0 354, ih eufTicient for the particle radiua to theoret- 
ically become 0 at a diatance of 10 meters (r » 10* cm ) abo\e 
the level of its identical denaity. The curves illuatrale that, 
if the particle is sufficiently large, it vill approach asympto- 
tically the level of equivalent density, whereas if the particle 
IS completely broken down before it reaches this level (because 
of its small initial sue) it will approach some level higher up in 
the water column m a similar manner. 

(c) Tiwc Reguirfd for ParticUi to Sink Through the Wafer ai 
Station 1170 

This calculation is based on the data of the previous sec- 
tion and the same assumptions and restnrtions apply as 
formerly indicated Thus, from equation (3) wo have. 

T ~ Ti- fit 


or 



where 5 is taken as 5 360 X 10“* cm /sec. (1028 X 10~* 
cm /hour),‘ and from the value of r at any level z (Fig. 4) we 
obtain the time, under specified conditions, for organic par- 
ticles having a density of 1.02781 and various initial equivalent 
diameters, os formerly, to sink from the fifty meter level into 
the depths The results, plotted in Fig. 5, show that par- 
ticles of larger equivalent radii sink faster and correepondin^y 
remain for a longer time close to the level of similar density. 

(d) Phosphate Liberatum and Oxygen Coneumptun of Organic 
Parlicles Sinking Through a Water Column 
Laboratory studies on decomposing organic material have 
shown that at the end of 24 hours after death there is a much 

^ A iMood determlnailon of 0 recvotiy BfMde oa deoomppnlniK loOplnktMi at 
• BMtnudft (0-250 houin) |{kv« « vahie (B.K88 X l^)t dw to that fottod fw 
Wondi HoIp pltnkUin 




Fia 5 Thiw requirod for orgaiuo p&rttUoif fif wiikw initial radii, r§, to Hink 
into tha water odumn ra pwa rntad bir ** kilaatla" oomnoKraphir Btalioit 1170 


bination of these results v«ith those of the time required for 
particles to sink through a water eoluinii suggests that rela- 
tively large quantities of phoephato may be liberaU>d in the 
sea vnthin the layer of photosynthesis. However, surh a sug- 
gestion is merely tentative. 

Smee the consumption of oxygen by organic matter (as well 
as other reactions of decompoeition) u, among other things, a 
function of the siie of the body (page 473), the consumption 
equation obtained for the particular material studied cannot be 
gaseraliaed. However, a study of the time required for par- 
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tides of various sues to sink in a water column of variable 
density shows that unless these partides are of a relatively 
high density and of a relatively large “equivalent radius” 
much of the oxygen ronsumption will be confined to the upper 
part of the water column. From the data presented here we 
may generalise to the extent that since partides (having a 
density not greater than that of the bottom water) sinking 
through water of variable density will approach some level 
asymptotically, and if organie debris in the sea should be 
sufficiently homogeneous (as to density and "equivalent 
radius''), a stratum of maximum oxygen conminiptlon may be 
conceived of as occurrmg in the sea. The position of such a 
stratum will depend on the density of the water as well as that 
of the organic debris, and its thickness on the homogeneity of 
the debris. 

CONCLUSIONB 

Application of the foregoing results to the ocean cannot be 
expected to show definitely what happens in nature. All sorts 
of possibilities exist, since not only is the relative importance of 
the sue classes of organic matter in the sea unknown, but also 
the application of the results of controlled laboratory experi- 
ments to natural conditions can hardly be expected to Ulus- 
trate with any degree of exactness a natural pfaenomenon. 

It appears likely, however, that our results indicate, m a 
general way, the mechanism underlying certain of the bio- 
logical activities m the ocean, in so far as those activities tend 
to alter the distribution of the non-conservative properties of 
Iho sea. One thing which appears noteworthy is that, since 
more biological activity apparently oecurs u the upper levels 
of the ocean, It probably is the result either of a low density 
(similar to that of the upper levels) ol the great moss of organic 
material, or else, in the cose of a higher density, the great mass 
of organic matter has very small equivalent rddii. However, 
in either case the physical conditions of organic matter in the 
sea need investigation to see if the equivalent radii and the 
density of the great moss of organic debris are sufficiently 
homogeneous so that biologicBl activity may, in certain levels 
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of the water columu, offset the effects of dynamic processes 
and control the diainbuiionof the non-conservativc substances 
in the sea, or if, on the other hand, organic debris w so hetero- 
geneous that the distribution of non-conservative substances 
IB controlled largely by the horizontal and vertical circulation 
A somewhat similar question surrounds the origin of the 
minimum oxygen concentration and the minimum oxygen 
layer in the Atlantic. A recent study (.8ciwell, 1987) has 
revealed that the minimum oxygen coni'cntratinn in the west- 
ern North .Atlantic basin tends to occur at a density value 
(regardless of its depth) of ir, - 27 2-12 ± 0 008 which may 
suggest that this density value is somewhere near that of the 
great mass of organic matter. On the other hand, certain 
dynamie factors attached to such a sit nation prevent any 
rigid conclusion in favor of the biological argument ns con- 
trolling the minimum oxygen concentration 
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REV AUTOMATIC CALORIMETER FOR THE COHTIRUED 
MEASUREMENT OF HEAT PRODUCTION OVER 
LONG PERIODS OF TIME* 

W U BASSOVS, JS., ASD J B. IfUBUN 

/itpaflmenl ef Vital fSconomitt, I ntiftmiif of /lothmlir, A 1 

Arniha^ 

Thr piitici^ UfMifl which ihiN appamtUR operatcH in ah fnllowR In AililitKin 
to th« hnt within tiw ndonmrt^i by ihr> Dxponm^itiil nninui], hrwt 

IN mipfdied in the fnim ot Hoctnoal oneiicy, which in pujiy nmaMuml Rv meuie 
uf a ilevice anakiRmtH Ui the Helf-balatK iiij( NtliiatNtnnp bndRe, the mie ol toial 
heat Hupply m maintainorl coiyiLaot hr automfitio (uiitnJ nf the plecinr heat 
rhe animal heat in then nimply the ciifferrme lietwiMin the lutal ((onMant) heat 
vupply ami the decti icmJ heat Nuppl> 

The (alonmeter Huinhoi, well iniuilAted tliomiaJly, nontainR an rleotnc 
heater and a cooling <niJ which (arnen a itteady Htrrani of watei under muNtant 
hydraulic prenNure Kntenng and leaving the rhaiiibcr the aater pamn r»vei 
elft tncal reniNfanoe thennomeiem, w hu h form the two vanahle ai mu of a Wheat* 
Ntnne bridge, ihu galvanomtder of which reflects a hiiiin of light onto a photf>* 
nlActric cell Tlie rttmlting iihotoekn tnr current, after antpllhraliim, operates a 
lolay uf the double-throw type latter nintrole a levenuble motor, ahirh 
rnovea a worm drive rheoNtAt conneried m nciiom with iho boater, a direct •current 
ammeter and a wurre of dircit rurront The null point of tbo galvanometer la 
BO ihonn that the reflooted light beam fallp half on, half off the neuiutive hurfaie 
of the pboitHdetinr rdl ff now the heat Mupldy m for anv reawm (Hiirh oh a 
dnip in the D (J line voltagej altered, the chuige will apiimr an a reav or 
incraaNO m temperature of tlic outgoing water The bndgr bccomiv unbalanced, 
the ipUvaiiometer w deflected awioguig Utc light Iwam further off (•«y) tlie photo- 
(dectTK! ceU A drrr«aM> or iiicreaNc m photo-elci liic lunvnt imultN, tlie relay 
IN ihiB^I right or left and the motor wdl turn in Ruch a duet tioii u'i iu di'creaNe or 
iQcream the Nenes r^suftanco (iiuiraNO or dmreaNe the beating turrrnt) 'PhUN 
the change pluN or minuN wlurh RtarUHl the mn luuiiNm u ill be r ounteiai tod and 
the beat euppiv brought back to ite former value 

Temperature of the rhainbor wall and heat Inwi through the wall are auto* 
matioally recorded Heat of evapnralion in meaMuird by collecting the watei 
From the vootilaling current of oir (pievlounly dnod) aa it leaven the chamber 
The mitgnmg sir bJw) w nampled rruituiuouely, and automatir ally fur meaifurement 
of oiygra abeorbed And I'aihon dmude fuixJuned 

With groupNof Vi to Ifl rata oipcrimonU ofl U) 10 houm duration have aliown 
good ■grernieni between beat ai cdculated and bn mreauriAl 

The apparatus dnionbrd is the rcoult of an attempt to 
produce a respiration calorimeter for small animals which shall 

*ft(ipporhid by a srtnt fmin the IHinme Fund ot Hir Amenosn PliJn- 
ioidiinal Boonty. 

normiinan or ths auHirau rniuwoTHicu. nonerv, 
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be u nearly aa powiiblc automatic in ita operation and thua 
require a minimum of attention during an experiment of long 
duration. Thia condition u aatiafactonly fulfilled by the 
amall-animal oalonmeter now in uae in thia laboratory 

The principle upon which thia apparatua operatoa ia aa 
followa; 

In addition to the heat generated within the calorimeter 
by the experimental animal, heal ia aupplicd in the form of 
electrical energy, which in eaaily meaaured By means of a 
device analogous to the self-b^ncing ‘Wheatstone bridge, the 
rale of total heat supply is maintained constant by automatic 
control of the electric heat. The animal heal' is then simply 
the difference, total (constant) heat supply minus eleetncal 
heal supply. 


Our I 



J* IK 1 Hrbernstk dbinm of BUtomatlr rduriiueter. 

The mechanism whereby this control of tlm total heat ia 
exercised is illustrated schematically in Fig 1. In the upper 
nght-hand comer is represented a conventional, double-walled 
calorimeter chamber, well insulated thermally, containing an 
electric heater and a cooling coil which carries a steady stream 

' Bsvs that part rafmantatl bj evaporatian of water tnun the anlmal'i body. 
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of water under constant hydrauhc pressure. Upon entenitg 
and again upon leaving, the water passes over electrical re- 
sistanco thermometers These thermometers Form the two 
variable ''arms” of a Wheatstone bndge, the galvanometer of 
which reflects the beam of light from a fixed lamp onto a 
photoelectric cell The resulting photoelectric current, after 
amplification by a direct current amplifier, operates a relay. 
This relay is of the double-throw type, being closed on low 
current, open on intermediate current and closed on the other 
side on high current. The relay controls a reversible motor, 
starting, stopping or reversing it, depending upon the magni- 
tude of the photoelectric current The motor dri\cs a worm- 
dnve rheostat, which is connected in senes with the heater, a 
direct-current recording ammeter, and a source of direct cur- 
rent. 

To illustrate the operation of the apparatus, suppose the 
empty calonmeter to be closed, the heating current to be ad- 
justed to a value where it produces within the calonmeter an 
amount of boat certainly greater than that expected from the 
experimental animal, and the roohng water to be started 
flowing. After allowing sufficient time to reach thermal 
equilibrium, the bridge current is turned on and the "ratio 
arms" of the bndge (by means of a variable resistor not shown 
in Fig. 1) adjusted for uro galvanometer deflection This null 
fioint is BO chosen that when no galvanometer current flown, 
the reflected light beam will fall half on, half off the sensitive 
surface of the photoelectric cell Now by adjusting the fixed 
grid potentioi ("bias"), the plate current is regulated so that 
it holds the relay m its intermediate, or ojien position, and the 
no volt supply to the motor is turned on Providiiig true 
equilibrium has been reached, that is, that all thermal and 
electrical conditione remain unchanged, the apparatus will 
remain in this state indefinitely, the motor stationary and the 
electric beat eupply constant. 

Now suppose that for any reason whatever (let us say a 
drop in the 1>.C line voltage) the heat supply is diminiebed 
The change will appear immediately as a decrease in tempera- 
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lure of tlu‘ oiitKoinK ttali-r tliiTmonicli-r The hndKc will 
Ik’( (imp unlialaiurd, tho Kidvanoniolor will lip dcllecipd, bWiiiK- 
iiiR thi- IirIiI lipani furl her off («av) Iho iiholoplrclru crll, Iho 
(IpiTPiivp 111 plioloi'lci'lni ciim-iil will (IcrrcuHc llu’ und potpii- 
IihI (iniikiiif; it more iipg.ili\(‘) thus dta roiiHing the plain cur- 
K'lil, th(‘ M‘lii\ will (l().K' III its low current iMinitioii mid the 
motor will liiiii HI such a direction iin to dericiiNC the si'rics 
icsisliniir (iiiiicasc (he hciiliiig current) 'I'hiis Ihc rhiniKc 
wIikIi sliirled the iiiei liaiiisiii will lie louiileiin led mid (he 
lii'iil supply liioiighi liiick to ila former value 

Due III (he nihcienl lime Ing lielweeii lh(‘ change iii lieiil 
suppl^ .iiid the apiicaiancc of ilaefTeit at Ihc outgoing water 
Ihcriiiomelei, mid to the tiiiie reriiiircd In the iiiiilni In riioic 
the iheoHl.it hIkU-i muHk iciitlv (through a rinluctioil gear iiol 
shown 111 I'lg 1 1, (he coiiliol device will 'overshooi its iiiaik" 
and mercoireit the ihaiige, provided the diange was large 
(oinpared to the seiisitivily of the appiiialiis and wiks loni- 
parativeh .sudden ’I'heii the whole procesH ih rep<*a(ed in (he 
reverne direction and mi oil and the heal aupplv om ill, lies 
alioul Its e(|uililiriuiii value until the oHeillnlioiiH have Ixaoiiie 
sniiHithed out to a level within the hunts of Heiisitivitv W ith 
the valucH shown in Kig ti for the electrical cotistmilH, the 
linulH ,irc hIiouI t- (I '< kg-cidoncH per liour in total heat 
supply, or .ihoiil ± 1 jM-r cent of that usually Nupplied In 
this ichpeit, (he dcviie mav lie eoiiipared vvith an analvtical 
lialaiKC, vv hit'll HwiiigH to and fro nhoul its null poHilion, rather 
(hail reiiiiLining "Hliick" in a |H>Hilion of nlntic, mid perha|>H 
iinslahle, equililiriuin The eleclni heal Hupply, which ih now 
total heal .supply, nmv l»e read from (he .ammeter leioril 
Without diHturlimg (he electric nl iidjiiHlincnlH, the ealoii- 
iiicti-r IS now opened and the i‘X|HTiinent iil animal introduced 
The added sourie of heat will immediiitely throw the euntrol 
dev ice iiilii operation and rinluee (he eli'etrie hi>ii( supply pro- 
fairtioiiiilelv \fler (liernitvl equihhnuni, diHtiirbed liy open- 
ing the cnloMineter, has been renllHiimd, the electric heat sup- 
ply will level off at hucIi a value jks to reeHtahlish (he prede- 
teinniied constant (olul, or will follnw i liiingeH in (he miimnrH 
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Fid 2 iipnpral vl^ 1 ^ of (nlorimplpi, with iltKii ofH'ii ilikI iiiuinal < iikc hi 
J lip {ii|M iti ihp r«in>||ioiind Mh tin inttiki fniin outHliHii'* 

llir WiMulcn ln)X, Inviii iiKlit, tin iiitUM IjHtli foi pir- 

limlms an itiul niitii Hu (iibli, iwlit Imi kKHMiiiil, Ihui'^ tin tui-suniphiiK 
'*(|UipnH lit uiid Iht >«hcU, uppi'i UKlit, llie Lh*tiu<ul hi((*«is<>i\ npiviinliH 




Flu i ( lr»<* up <ir < ali»nrT>pUT showippt detjiU of inn^tnirti m Fut T»Ater th< rmnn f It r* T 7 arp hoii*4w| 
l)ra^^ eiittnn* llu calnnmeur at it* lower niEtil fnmi ctiiiei H in*ililo« llu 1 mj\ toiilMininE Hw ci‘n-tii 

temperature bath NoU tin cin tni U la iliuf riM)«*u- in iJir ixlrcinr Umn right nl llir phi t<«nph Ihe-e irt u* 
in riNim-teinpemtun’ p ’t<M 
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lu'iit HI) OH to niniiiliiiii thiH roiwiaiil IoIdI 4'h(‘ i.ilc of IiimI 
jiroducl 11)11 )iv I 111' iininial ih tlu'ii niPiiMiri'il l)v hiiIiI i.ii'tiiii; (Imi 
now N'idk rci oiilril rioin ilic known toliil, iniii'i liiif; for lossos 
of lu'iil liy t'inpoinlioii and l)y oilier iiii'iimm prt'M'iilIv to he 
diHCUHSi'd 

Vii idlcinalii (' iiii'lhiHi of I'slHliliHhiii)!; I lie lotiil lie.it siippU , 
ol)\iiiliiiR (he eY|)( iidilure of Inne in runniii|; the pieliiniiian 
‘ eleilnc pi' nod " doHerilH'd iilnm', w Unit of I'.illlinilmi; I lie 
1 111 10 III ni)' of the hnilKi' iliiei ll\ in lei iiih of niiler leniiM'r.ilnii' 
ilitTereni'e mid iiii'iiHiiniiK, lUiiini; the hiiiiiiiiI exiiennii'iil , the 
iiile of flow of wilier In I Ins win I he lol.il heal leiinned 
(I'liual to the lolal nuiipK ) is iiieiisined ihu'i ll> mid the elei 1 1 n 
heiil siihlrai ted from it lo (?iie iiinniiil heal 'I'hi'i iiieilnxi is 
the one now ii.si'd wilh this < niorinieler 

The coiiipli'le control mei hiini.sin ih shown in del ml. pholo- 
giaphieally .ind (Inigrmiiiiuiliealh, in figures 1, '>, ii. 7 ,iiid s 
The Heiisiliiiiv (onliolis (hntlei'> rheosial iind g.ilMiiionielei 
w'lieH n'HiHlunee) are npcesHiiiy lo preM-nl the light heiini from 
enliiely trinersing the jiholoelei Inc lell ,iiid going olT the 
wiong Hide, winch would of course ichuII hi the ciccliic heal 
hemg ehnngeil in the wioiig direilion TIk' shiinl on the 
prniiiiry rehij adapts the acliniting coil of the icl.n to the 
lilnie eurreni of Ihe ani|)hficr tuhe. which would olla'rwisc Ih' 
iiiuih too great for it iWilh Ihe \alues shown Ihc ii'l.n 
eloHCfl on llie low side at 2 inilhiiinpi'H's phile i iirienl mid on 
Ihe high Hide nf -4 ma , licing full\ ojm'ii at '{ inn plale I'uiicnl , 
(11 alioill 0 2.') inn through Ihe lehiv llself ) The Hi'cond.iii 
lehi.v, eijiiHistiiig lulually of two double-pole \V'iird-l coiiai d 
lehi^H eonneett'd as a leiersing switch with an open oi iiciil i id 
IHiHitlon, IN iieiesHiirv since ihe points of Ihi' iiiiiiiarj' i'c].i\ will 
not hiltidle ihe i urreiil necesHuiv to opeiate Ihe motor Vii 
oiM'ii or neiilial poHition is ri'cpiired in order that the heal- 
(ontrol rhiMwInI iiiiiv Ih* ntopp«al at any of \arioiiH ))osii)oiis it 
may aasunie in niaintininiig thermal eiiudibiiuin, or in oihri 
words, since the lialaiice of the hndge dc])ends not uiioii the 
eleci ri(' heat alone, but upon the lot id heat remanniig eoiislaiil 
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Fkj [iiloiiri] Ilf (0111^1 Ihix a, liiiii|) phntnrlof (iif (o|l I, uiiitilifii i 
tuh< , li Kt^vjiiidimMci , U, U, luiho ' H ’ H, prinmiv i(*Ih\ I lio Himll 

Im>x, lli(« liiii)|i Hnd |>IkiI<n lix tiK rell, Iiil'i i 1> itnii iiivii wliiili \ihoii 

Htmoil, liKtit In (‘iH**! (»nl> (liidUffh tli<* Hindim lirlote tiu |iho((H‘lr< tiir 

i(‘M NoiinalU thi*i>iitini (ciiitionM»X}MiJMi(l<)Mxn>V iiu‘ttits cif iIh mvii ]*oMir 
for (hr Iftmpi tube 6Uiinriil atui \\ hpnt'^tonr htiilKr >** Hotivixl fmm nn external 
^tillage btt(t4‘i\ , tlio truuroiinerv t»u the fhuT of the Im»z iiu loiigei are uhxI 
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{■10 6 Deuiled KinriK diftgnrn uf control box lli^ ilches, rbcffeotato meter', etc are'^iown 
approximately the ^me relalive pontioir' uhich th<y o((up\ on the fmnl panel of the box 
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Tig T 1 he beat-4. ontrol nw^liani>ni V, matiii /f. relax S motor-tpeed contn>< re-n-tam^ 

rertifxijig tr»n*4ormer ftir irluatiiig reJax- tr, ekrnent' re<lu«tioii gear, Xh heat-<ontrol rhevt^at 



A XKW AVTOMATIC (’AT/)R1 SIKTKJt 496 

Thu rcuordinK ammeter (Pig 4) is a t'ambridRe and Paul 
rucording galvanometer with appropriate ahunt and aericn re- 
HUtancrfl (K) that ita full srale deflection corresponda to ] am- 
pere heating current It ia to be noted that when the current 
IN meOHured in this manner, the resistance of the heater must 
lie known and must be coimtant, that is, it must have negligible 
temperaluru coeffieient of rcsiatunee, becauae the voltage drop 
across the heater itself is nut measured, therefore, the heat 
developed is calculated from the product of the resistance and 
tho square of the current For this reason, the heal cannot 
be read directly from the ammeter rw-ord, but each ordinate 
must be squared and multiplied by the heater resistance and 
by an appropriate constant proportionahly factor (see p 607) 

Ah may be seen in Fig. 4, the control box, containing the 
essential elements of the automatic heal regulation system, is 
a unit separate from the other elements of the apparatus, being 
connwted therewith by electnc cables and plugs Therefore 
the control box may be used with diffenmt calonmelers inter- 
changeably, which depend for heat measurement upon a pair 
of diffctential resistance thermometers, regardless of site or 
capacity, and w ith any system of secondary relays and heal- 
ing control capable of bemg operated by the double-throw 
primary relay. In fact, the pnnmry relay ilself, which is 
mounted and eonnc<-ted on the outside of the control box 
(Fig. 4 and R, Fig 6), could be dispensed with in favor of a 
current-control device operated directly by the amplifier plate 
current. Numerous such devices suggest themselves but tlirir 
cost would probably be greater Ihoii that of the siraplo relay- 
motor system now m use 

Thk Calohiuiter Proper 

Tho calorimeter itself ia liluslrated in Figs 2 and 3. It 
consists of an outer chamber of no. 10 gauge, galvanised iron, 
measuring 120 X 94 X 80 cm., including I ho door, which com- 
prises 10 cm of the length and is supported on hinges along the 
left side of the open end of the chamber (invisible in the 
photograph), and an inner chamber of 24 ounce cold-rolled 
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Hheet copper, meaeuring 100 X 75 X 60 rm , which ahdes into 
the outer box and la apaced 10 cm. from it all around by meana 
of guide rails riveted onto the walU of the outer box (S, 
Fig. 3). 

The open end of the inner chamber ia provided with a 
flange in the form of a rectangular frame of 2.6X2 5 X 3 cm. 
brass angle, welded together at the comers to provide a 
smooth face and nveted, then soldered, to the copper walla of 
the chamber A cover is provided in the form of a rectangular 
frame of the same size as the face of the flanges to which is 
cemented a pane of 6 mm thick plate glass. .V gasket of sheet 
rubber is cemented to the metal fare of the cover plate and 
7 3 mm. holes are drilled through the cover-plute frame, gasket 
and flange, at intervals of about 20 cm. ao that the cover-plate, 
with the face of the gasket gpeased with petroleum jelly, may 
be bolted m place by means of 0 mm eye-bolts the nuts of 
which are soldered in place on the back of the flange, thereby 
hermetically closing the inner chamber. .Ml seams in the 
copper chamber are securely soldered, inside and out, and 
pipe fittings, traversing the walls for the purpose of condueting 
the cooling water and ventilating air, are provided with 
flanges, soldered to the metal wall The binding poets for 
connecting the elect nc heater consist of two no. fl-32 machine 
screws passing through the centers of two ihiiim. holes In* the 
copper wall, held in this position by two strips of 3.1 mm. 
thick bakelite through which th» pan, inside and outside the 
wall, the strips being bolted to tM Wall through another pair 
of holes just large enough to accommodate the securing screws 
In assembly, the strips, sorews^and an appropriate area of the 
wall were covered thoroughly with Koemg cement (one part 
rosin, two parts beeswax, by weight) and the stnpe bolted 
tightly together while hot. After cooling, the assembly was 
painted thoroughly on all exposed parts with more of the hot 
wax, to insure airtightneas. 

The space between chambers is filled with loosely packed 
"Dry Zero" (/, Fig. 3), a vegetable fibre insulating material 
resembling "Kapok” and the outer chamber is completely 
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rovered, on the outmde, by a 1/2-inrh thirknew* of “inaulilc ” 
board, an immlatinR, vegetabie-fiber wall board 

On the floor of the Inner ohamber are plared two wooden 
raila (6 X 10 cm. pine, impregnated with parafhn), atanding 
on edge (10 cm. dimenaion vertical) and extending longitud- 
inally from front to back of the chamber Theec are eo 
Rpaced 08 to be vertically above the metal beaina between 
walla and hence to be aupported lhen‘by On the upper 
Burfaeea of theae raila are faatened lengthn of bram channel, 
2 6 cm X 0 0 cm deep, which serve oa tracks, upon which 
the animal cage nuiy be rolled in and out of the calorimeter on 
wheels fastened to the cage Slots and holes are cut through 
the wooden rails to accommodate the coohug tubes and heater 
wires (see Fig. 3 and pp 49S- 499) 

The cage itself, shown in position in the caloninoter in 
Fig. 2, IS made of 1 2.5 cm mesh no IG gauge galvanized wire 
screen, reinforced at the top edges with 9 mm iron wire, at the 
vertical edges with no. 16 gauge sheet metal angles and along 
the bottom edges with 26X 2 5X03 cm angle irons Two 
pairs of Bohd metal wheels are borne on eross pieees fastened 
to the angle irons. The cage measures H6 X 45 X 60 cm. deep 
and will accommodate a dog weighing up to about 13 kg or 
any smaller ammal It is provided with a false floor, sup- 
ported by hinges at one end and by sprmgs at the other, so that 
movements of the animal may be recorded by means of a 
pneumograph, on a kymograph drum outside the ealonmcter. 

For experiments on mueh smaller animals, such as rats, the 
cage is replaced by a rock, rolling on wheels which fit the trarks 
in the calorimeter. Individual rag«i containing the small 
animals are placed in the rack, which is then rolled into the 
calorimeter. By means of this device, the calorimeter has 
been used to measure the simultaneous beat production of 
groups of 13 rats and could easily accommodate many more 
(up to a total of 32). 

The entire calorimeter is supported, with its lower surface 
about 36 cm. from the floor, upon a wooden stand (Fig. 2). 
A wooden trestle Is provided, which bears brass-channel tracks 
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Hiimlar to those in the calonizieter. When this is placed 
against the open end of the calorimeter, the tracks join those 
of the calorimeter and form a continuation thereof It is by 
means of this device that the cage is rolled into or out of the 
calorimeter, the trestle and cage forming a portable unit in 
the latter case. 

CoouNO Stbtui 

The operation of the calorimeter depends upon the removal 
of heat at a steady rate by a stream of water. This is accom- 
plished as follows. Distilled water is pumped from a storage 
tank in an adjacent room to a smaller tank near the ceibng, 
from which it may overflow and bo conducted back to the 
mam tank. Thus the small tank is kept filled to a constant 
level, or constant hydraulic head An outlet pipe from this 
tank conducts the water through the wall into the calorimeter 
room. It then traverses a cud of tubing Immersed in a con- 
stant-temperature bath (maintained by means of a toluene- 
mercury thormorogulator) and immediately enters the calonm- 
cler At the inlet to tbo calorimeter, the water flows 
longitudinally through a section of 2 5 cm. brass tubing, some 
20 cm. long, which contains, coaxially, the sensitive element of 
a J.eeda and Northnip electrical resistance thermometer (T, 
Fig. 3) of apprommately 100 ohms resistance. Upon isauing 
from this tube, the water enters directly the cooling coil in^de 
the inner chamber of the calorimeter. This coil, of 8 mm. 
copper tubing, is rectangular in cross-section and coaxial with 
the long dmiension of the chamber' (Fig. 3). The turns of 
the coil are spaced 10 cm apart and afe supported within the 
chamber by means of four wooden bars of 46° right-triangular 
cross-section, to which the tubing is fastened and which oc- 
cupy the dihedral an^es formed at the horisontol edges of the 
oblong chamber. In this way the coil is spaced 2,6 cm. (to 
center of tubing) from the copjier walls, except of course at 
the corners, which ore necessonly rounded. A few turns are 
added, in the form of a spiral, at the back (closed end) of the 
chamber. Additlonid rij^dity is incidentally given the coil by 
soldering to it, at intervals, 10 cm. wide strijM of thin (28 
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gauge) sheet metal, of a length equal to that of the roil, in a 
direction parallel to the oiub and across the back (Fig 3) 
The entire coil and the inside fares of the metal stripe are 
painted block, in order to facihtato absorption of radiation 
Core 1 VBS taken in the asaembly of the calorimeter not to dull 
the naturally polished appearance of the copper wall, in order 
lhat it might reflect back as much as possible of the radiation 
incident upon it 

After traversing the entire coil, which includes some 17 5 
meters of tubing, the water is led bock to a point near the inlet 
lube, where it leaves the calorimeter, passing over a resistance 
thermometer exactly similar to the first one. From this point 
it is conducted back through the wall of the room and is dis- 
charged, through a flow meter, into the main storage tank. 
Provision is made for cooling the water slightly before it re- 
traces Its path through the system. 

The functions of the cooling coil and resistance thermom- 
eters have been discuBsed abov’e. The remainder of the 
hydraulic system is the same apparatus as used with the 
human calonmeter in this laboratory, and has been described 
in detail elsewhere (Muriin and Burton, 1935). 

Thk Elbctric Hbatsr 

The electnc heater consists of a coil of 24-gauge “rhro- 
mel-A” wire (a nickel-chromium alloy manufactured by the 
Hoekins Mfg ('o., Detroit, and similar in properties to 
“nichromo" alloy) which shows negligible variation of re- 
sistance with temperature in the temperature range used 
This cod is exactly symmetrical to and coaxial with the cooling 
cod, being spaced and supported by means of 2 cm. wooden 
dowels, impregnated with paraffin wax and fastened by brack- 
ets to the wooden supports of the cooling coil (Fig. 3). The 
electrical connection of this heater with the other apparatus 
has been described above. 

Tub Vbntilatinq Hystbm 

The calonmeter may be ventilated by either of the con- 
ventional methods commonly used in respiration calorimetry. 
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open-rirruit or closed-rirouit. Hinre, however, long perioda 
with ft minimum of at lent ion by the operator nre desirable, the 
following, modified opeO'Cirruit method has been adopted 
Air is drawn from outdoors, through a drying train romosting 
of a sulfuni- acid absorbmg bottle (lower nght, Fig. 2) (and 
a bottle of "dehydntc” to remove moisture), through a coil 
of tubing immersed in the constant temperature bath described 
aliove, and into the calonmeter through a port in the top, 
near the front of the chamber. Here the oxygen in partially 
consumiHl by the expenmental ammal and carbon dioxide and 
water vapor added. Air is withdrawn from a port in the hark 
near the bottom (Fig 7), paases through the air pump, and in 
forced through another water-absorbing bottle This bottle 
is weighed periodically, its gain in weight representing the 
amount of water vapor evolved within the calonmeter. From 
here the air pasnes through a gas-flow meter, which measures 
the total volume of flow, and after traversing several deci- 
meters of rubber tubing is exhausted into the room. 

Inserted in the rub^r exhaust tube, near the flow-meter, 
IS the honsontol cross arm of a giass T-lube (Fig. 9). The 
vertical arm of this T-tubc is connected with a mercury-filled 
gas-sampling tube, which is supported in a vertical position 
on a framework provided for the purpose The reservoir 
tube of the sampling device is affixed to a wooden slide, which 
IS free to move vertically m a set of guides. The shde is 
suspended from a cord which passes over 2 pulleys and thence 
to a small drum on the axis of a kymograph, about which it 
IS wound for several toms and then secured When the clock- 
work of the kymograph is started, the drum turns in such a 
direction as to unwind the cord and lower the shdo bearing the 
reservoir tube. Mercury flows into the reservoir from the 
samphng tube and draws m air from the ventilating system to 
replace it. By adjusting the idxe of the drum and the rate of 
the kymograph, the sampling device may be made to draw one 
full sample (about 100 ee.) during any predeternuned period of 
time. Two of these sampling devires, operated by a smgle 
clockwork, ore used m practice, in order to furnish duplicate 
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Bamples for comparimn. The entire Besembly is illustrated in 
Fig. 0. Hmoe the rate of sampling is uniform, the contents of 
the tubes wili be samples of the average composition of the air 
exhausted from the calonmeter during the period. The 
samples are then analysed by the Haldane method and the 
results of the analysis multiplied by the total volume of flow 
as determined from the flow-meter. Companson of this 
product with the composition of ah equal volume of outdoor 
air gives the quantities of oxygen consumed and carbon dioxide 
evolved by the animal during the period Knowing these, 
we may then calculate the "respiratory quotient,” which 
gives some insight into the nature of the sulMtances oxidised, 
and the amount of heat which should be releusod in this 
oxidation. This heat, calculated on a chemical basis from 
the products of respiration and called "indirect heat,” is then 
checked against that measured physically by the calorimeter, 
called "direct heat ” 

EVAPOnATION 

Since the vaporisation of water inside the calorimeter in- 
volves the absorption of heat (heat of vaporisation) and the 
water is withdrawn from the calorimeter in the form of vapor, 
the ventilating system constitutes an avenue of escape of 
heat which is not meusured by the water thermometers. 
Consequently, the amount of water caught in the absorber in 
the exhaust side of the system, and the heat of vaporisation 
represented thereby, must be measured and the heat added to 
that removed by the cooling water as a contribution to the 
totalheat evolved. However, since evaporation in the calorim- 
eter takes place at a substantially constant rate, the assump- 
tion of a constant rate of remov^ of heat will not be badly in 
error and this avenue of escape will not seriously affect the 
operation of the control device. 

Similarly, the heat removed by abeorptldn into the air 
itself must be taken into account. This is done by placing 
thermometers (ordinary mercury thermometers reading to 
0.1° C. are sufficiently precise) in the ventilating system at the 
entrance and exit, respectively, of the calorimeter. The 
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temperature difference ehown, multiplied by the volume of 
flow, by the density of the air and by its specific heat, is a 
measure of the amount of heat removed via this route This 
amount is, in practice, almost ne^gibly small and is quite 
constant, for reasons about to be described. 

Hiat Loss to ms Room 

Finally, there is one more avenue of escape of heat, which 
is considerable and must be taken into account It is prac- 
tically impossible so to construct a calorimeter that no heat 
escapes throu^ its insulation into the room, without an elabo- 
rate system of measurement and manual control of wall tem- 
peratures, e g. the Russell Sage calorimeter (Riche and Soder- 
strom, 1015). Hence, it is the practice m this laboratory 
(cf. Murlin and Burton, loc at.) to impede this heat flow as 
much as possible by means of insulation, then to measure it 
and take it into account in the calculations The measure- 
ment is acoomphshed m exactly the same manner as in the 
human calorimeter of Murlin and Burton, namely by meas- 
uring the temperature difference between inner and outer 
chamber walls (temperature gradient across the insulation) 
and assuming linear gradient proportional to beat flow (con- 
stant insulation resistance) 

For this purpose the widls of the calorimeter are furnished 
with electneal resistance thermometers Each of these con- 
sists of a single length of cotton-covered nickel wire (no. 40 
gauge Driver Harris grade A nickel), laid to and fro in the 
form of a grid, held snugly against the metal wall and painted 
lightly but thoroughly with hot Koenig cement Those wires 
are thus fastened against five faces (all except the open end) 
of each chamber, before assembly, that of the inner chamber on 
its exterior faces and that of the outer chamber on its interior 
faces. They are connected as the variable arms of a Wheat- 
stone bridge circuit, housed in the box directly under the 
recording ammeter (Fig. 4). The recorder itself is the galvan- 
ometer. It is so constructed that it records each of two differ- 
ent quantities on alternate minutes. These are, in the present 



604 W M. BARROWK, JR , A.VU J R MURUK 

applioation, wall temperature difTerenrea (gradient) and am- 
peres heating current, each recorded every two minutes It is 
unnecessary to calibrate the wall thermometers directly in 
terms of temperature, the galvanometer readings may be cor- 
related directly to heat loss through the wall, by calibration 
expenments m which a known amount of heat is introduced to 
the calorimeter and heat losses by all avenues except that 
through the wall are directly measured 

Now suppose the calorimeter to be placed in an environ- 
ment of constant tcroperaturo If the heat evolved within it 
remains constant, and the rate of removal by cooling water, 
ventilating air and evaporation w constant, then the loss 
through the wall, hence the temperature gradient, hence the 
mterior temperature, must necessarily be constant. There- 
fore, the partition of heat between the various avenues of 
escape remains uniform, and the operation of the control de- 
vice, which depends upon one element of this partition, will 
be steady and reliable 

Rook TKMPSRATtmic Comtbol 

For the reason just stated, the calorimeter is installed in a 
constant temperature room The temperature control is 
eSeoted as follows Around the walls of the room, about 36 cm. 
from the ceiling and 10 cm. from the wall, passes a single turn 
3. 1 cm pipe, adiich conducts a stream of cold brine, pumped 
to the room by the refrigerating plant in the building ‘ 
(Actually the briue is diverted from the cooling coil of the 
human ralonraeter room, cf. Murlin and Burton, loe. nt.). 
Each of the long walls of the room (it measures 4.1 X ‘2 6 m.) 
IS provided with a false wall of 1.25 cm. thick insulite board, 
10 cm. away from the permanent (brick) wall extending verti- 
cally from a point 15 cm. above the floor to a point 16 cm. 
below the ceihng, with a flare at the top to clear the brine pipe 
and its dram gutters, (not shown) all supported on studs 
bolted to the bnck wall. Ten cm. farther (20 cm. altogether) 
from the bnck wall and in a plane parallel to it is a strip of 

' IVt gf UiH pipe, riti8t<overBd, Is vWble lo Fig 'i. 



A NEW Al’TOMATtr OAl-OHIMKTKH 505 

6 mm thick "aloo” (mineral fibre) board, extending upward 
a distance of 36 cm from the floor itself, hence overlapping the 
UMuhte panel 15 cm in a vertical direction and 10 cm. away 
from it. In the space between the inisulite and alco boards, in 
the region of overlap, seven strands (actually a single strip 
doubled back and forth 7 times) of Hoskins ‘‘rhroinel C” 
elcctnc heating ribbon, 0 mm. wide and 0 25 mm thick (no 30 
B & S gauge) are strung parallel to each other, with their 
edges in honsontal planes, their widths vertical and lengths 
parallel to the walls. These strands are kept 1 25 cm. apart 
by insulating spacers at I 2 m intervals throughout their 
length and are held taut by helical springs, of the screen-door 
type, to which they ore connected by cords passing over pul- 
loys and which compensate for expansion and contraction of 
the ribbons. The rihlions are connected, m senes electrically 
to a llO-voll A (' mam The combined resistance of those 
on the two sides of the room is approximately 22 ohms, so 
that some 5 amperes flow continuously in the ribbons, produc- 
ing about 550 watts in the form of bent. 

The room oir near (he ceiling, cooled by contact with (he 
brine pipe, falls behind (he insuiitc curtain and is forced up- 
ward over the hot nbhonn as it issues into the room, whence it 
rises and repeats the nrcuit. The two air currents from oppo- 
site sides of the room cause sufficient turbulence, and the con- 
vection currents produced by the alternate rooling and heating 
rause sufficient circulation, that fanning or other stirring of 
the air is rendered unnecessary 

A thermo-regulator of the etber-Bnd-othcr-\Bpor-ovor-mer- 
cury type, dependmg for its action on the change with tem- 
perature of vapor pressure, which supports a column of mer- 
cury in a Torricelli vacuum, rather than directly on change of 
volume with pressure, is placed as nearly os possible in the 
geometrie center of the room and is conneeted through ap- 
propnate relays to the heaters, in such a way that when the 
thermo-regulator circuit is closed by falling temperature, the 
power relay closes and shunts out part of the heater resistance 
When this occurs, the heating current, varying inversely with 
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resistance, increases, thereby increasing the heat supply and 
raising the room temperature. When the temperature be- 
romes too high, the converse series of events occurs, reducing 
the heat supply This type of thermo-regulator is of quite 
high sensitivity, depending chiefly on the thermal capacity of 
the glass bulb containing the ether-vapor Changes of tem- 
perature of the order of a few thousandths of a degree C. at 
the thermostat bulb are aufficient to operate it. In the present 
apphcation, the temperature al the ealonmeler is maintamed 
constant within less than ± 0.1° C , this ui spite of the inter- 
mittent presence in the room of one or more persons and the 
occasional momentary opemng of the doors of the room. 
Note that tome heat is being supplied at all tunes, tending to 
counteract the cooling by the refrigerant, hence convection is 
taking place at all tunes, regardless of the action of the 
thermostat 


Sam run Oata-shbkt 
lUuttrahng Method of Caiadaling RetuUt 
Subject: 16 rats (fed diet high in sucrose) of average weight 

206 g. 

Date Apnl 0, 1937 

Penod I Began 1 02 p ii Ended 4-02 p.m 

Duration of Penod; 3 hours 

Setting of ratio arm (Kohlraush bridge) » 5.040 
Cabbration equation of bridge; 

at - 10.40 (P - 5) -H 0 539° C. 

where AT ^ water temperature difference, 

P « setting of slide wire in arbitrary units, 
whence Water temperature difference - 0.955° 

Rate of flow of water (measured by water meter) > 28.00 
liters per hour 

Heat removed by water > i7.SI Cal. per how 
Air temperature difTerence (measured by mercury thermom- 
eter) - 0.68° C. 
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Rate of flow of air (by air flow meter) - 512.4 liters per hour 

Correction factor to i^uce to standm^ conditions from 26.2° 
C. and 743 mm. = 0 363 

Heat removed by air >e X ib X p X Cp 

where P — rate of flow, 

k — factor to reduce to standard conditions, 
p • denuty of air at standard conditions, 

('f •> epecifle heat at standard conditions 

Heat removed by air - 612.4 X .StCt x 1 0203 X 0 237 

■= O.OJi cal (hr 

(The degree of accuracy used here in F and k is unnecessary, 
but will be used later.) 

Average reading of wall temperature record > 17.3 scale 
divinions. 

Heat loss through wall (read from calibration curve) 

^ S 83 cal.lhT 

Water evaporated in calorimeter (collected in absorber and 
weired) 29.406 grams in 3 hours or 9 802 grams 
per hour 

Latent heat removed by evaporation 

— 9 802 X 0.683 — 5.71 eal per hr 

Total Heat Removed (sum of items it ali- 
ened above) •> 38 93 cal. prr hr. 

(Item referred to on p 405) Average 
electric heat supply (obtained by 
squarmg each ordinate of ammeter 
record, multiplying by heater re- 
sistance and by factor of 0 8600 to 
reduce watts to Calories per hour) — t0.g3 cal. per hr. 

Animal heat (dtreef) (Total heat minus 

electric supply) 19 70 cal. per hr. 

Calculation of Indirect Heat. 

Oxygen loss from air (by Haldane anal- 
ysis) — 0.842 per cent. 

Oxygen coiuamed by animals - 512.4 
X 0.863 (from air flow) X 0.00842 
- 3.723 liters per hour 
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Carbon dioxide inrreaee in ur •r 0.021 
per cent. 

Carbon dioxide produced > 512.4 X 0 803 
X 0 00021 » 4 073 btere per hour 

Respiratory Quotient - 

Oj consumed 

- 109 . 

Kxcens of CO, production over Oj con- 
sumption = 4 073 — 3.72:1 — 0 350 
liters per hour 

Indwerl Heal (Hy Zuntz & .Schumburg 
table, as corrected by Lusk, 1924) 

- 3 723 X 5 047 -I- 0.3.50 X 1.09 ' 

- 18.70 -I- 0 :i« = 19.17 cal per hr 

Difference' Indirect Heal minus direct 

heat = 0 47 col per hr = 2 51% 

(of direct heat ) 

Kxpehiubntal Rkhultb on Rai'h 

.\s evidence that the calorimeter is capable of measurinR 
direct heat with a satisfactory degree of accuracy, the results 
of a few cxperimenU on groups of rats are given briefly below. 
The rats were being pair-fed on glucose and sucrose diets con- 
taimnK every other constituent in hke amount except the 08 
per cent of sugar. The problem which was under investiga- 
tion has nut yet been completed, it will he reported elsewhere 
in due time 

Serie« I (19.30) 

At the time the experiments were run the two groups of 12 
rats each in Senes I weighed on the average 170.3 and 189 fl 
grams respectively. In all, twenty-four 3 hr. experiments were 
done, 12 on each group. Table 1 compares the direct and 

' (t la H eonmdenoe that th« hast value of ■ bter of UO, above the amount 
rrquiied to five a non protein R.Q of 1 (t ihould have the laine numerlcsl value 
le the tutel R Q Rtven lee linn above For the orisln of thia hMt value, 1 OH 
kg ral per liter, nr O I.uek'e Srtrnra of NutnUon, Phllailelplila, IKS, p. 307 
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TABLE 1 


CoHraRUON or iMonacT ino Disxt Hoi mt Hbut Prodi moH or 
Oaoon or 12 Rats ih 24 flxpiiuiamK 


Indimt 


Dlrert 


Mau Od 12 49 0 IH 

HI Dbv I2HztniJ 
Coer Var 10 3'''o 


12 77:^021 Av llir bet 1) A Ind 4 07% 
1 fiS ± 0 15 
122 % 


indirert heat in thcnc 24 expenmenti The mean indirect 
heat 111 12 39 kg calonea per hour with a probable error of 
± 0.18 ral The mean direct heal ih 12.77 kg. cid per houi 
With a probable error of ± 0 21 cal The mean difference la 
0 38 cd or 3 07 per cent of the indirect The standard devia- 
tions and coeffirientH of vanation amongst the 24 experimentH 
are self-explanatory The rloted-circuit system of ventilation 
was used 

Table 2 compares the heat productions taken singly as the 
mean between the indirect and direct methods for each experi- 
ment, and taken together as the mean for twelve expenments 
on each group The average rat of the sucrose group showed 
a slightly higher metabolism per hour than the aveiage rat of 
the glucose group. This difference is not quite proportional 
to the difference in weight but is quite exactly proportional to 
(be difference in surface area as expressed by Diack's (1930) 
formula. 

TARIJi 2 


AvcaAQR Hoi rlt Hiaf Pkoduition psh Unit Wkionr and HinPA<i 
UP 2 (jBut PS OP 12 Rais Kai ii 


Mem St 
Mon lurt 

Mmn heat prod nl/ht 
Mean beat prad /lOU s »t 
Mean heat prDd yeq m niK 
St devuUon 
Coef vanabilitir 


Glanae 

17Bd( 

0 ir2JS nq mm 

lOiaral 

0588 

4.1 J ± 1 06 
.284 ztO.W 
8 4% 


SurniM 

ISDBg 

0 0245 eq mm 
1084 cal 
0 581 

43 4 ± 1 2a 
4 47 b0e2 
IOJ‘4 


There was no control of activity of the ammals other than 
that imposed by the rather email individual cages In which the 
animals were confined, not only while in the calorimeter but 
throughout the feeding expenment. The rats in this senes of 
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experiments were in the poet abeorptive state for the six or 
seven hours during which they were in the caloiimeter. The 
apparatus was not yet in its final form when the first aeries was 
conducted. 

Seria II (1937) 

A second paired-feeding experiment was conducted, and 
heat productions were measured with the apparatus in its 
final form as described in this paper. There were 16 rats in 
each group in this series, one fed on a OR per cent glucoee diet, 
the other on OR per cent sucrose. The calorie intake of the 
two groups was identical, until the calorimeter oxpenments 
were begun. During the course of the experiments the food 
intakes were deliberately changed m order to induce changes 
in weight Food and water wore placed in the small indi- 
vidual cages, so that the metabolism recorded includes the 
effects of activity mcident to feeding and the specific dynamic 
action of the fo^--m short, it was the total normal energy 
metabolism which wae dmred. On four of the 12 experi- 
mental days the meosuremente were made in only two 3 hr 
penods as in the first senoa, but on the remaining R days these 
two short periods were fallowed by one long 16 hr. period 
lasting from around 6.30 p.k to 9 30 a.m. The calonmeter 
ran itself without any attention — in fact without any person 
in the laboratory throughout the night. The open-circuit 
system of ventilation was used. 

TAB1£ 3 ' 
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In table 3 is shown the close agreement between the mean 
direct and indirect heat measurements obtained with the ap> 















A MEW AUTOMATIC CAIA)B[HRTER Oil 

pantUB in its completed form. The reader should note that 
the percentage difference between the averages is quite another 
value from the average of the individual percentage differences 
Clums for accuracy, which in reality are misleading, have 
sometimes been made on the former basis. The real test of 
the closeness of agreement which may be expected in any ex- 
periment is the average of the percentage differences. The 
value found in these expenments w slightly better than the 
average found in this laboratory with the human calonmeter, 
namely 6 8 per cent, where much greater quantities of heat 
were involved (Murlin, Burton and Barrows, 1036). The 
apparatus therefore is capable in long periods of giving 
satisfactory results. 

Summary 

1. An automatic calorimeter is descnbed capable of meas- 
uring both directly and indirectly at the same lime, the heat 
production of groups of 12 to 30 rats or of a dog weighing 
10 to 20 kg 

2. The apparatus operates on the principle of successive 
differential calorimetry. In addition to the heat generated 
within the calorimeter by the expenmental animal or animals, 
beat 18 supplied in the form of electrical energy, which is ac- 
curately measured By means of a device analogous to a sclf- 
balancing Wheatstone bndge the rate of total beat supply is 
maintained constant, first, with the calonmeter empty, and 
then with the animal or animals contained The ammal heat 
is the difference between this total constant heat and the 
electneal heat required when the animal is contained. 

3 Complete description is given of the controlhng and re- 
cording mechanisms. 

4. The chamber may be ventilated by either a cloeed- 
circuit or an open-circuit method. It has been operated suc- 
cessfully in both ways giving close agreement between direct 
and indirect measurements. The open-circuit, however, has 
given somewhat better results, samples of air being analysed 
by an improved Haldane apparatus. 

5. The room in which the apparatus stands is Ihermoetat- 
Irolly controlled by a new method, which is deeenbed. 
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0. Sample data sheeU with an illustration of the calcula- 
tions involved in an experiment are given. 

7. Two series of expenmenta on groups of paired-fed rate 
arc presented as evidence of (he close agreement between direct 
and iiidirecl heats which may be obtained 

UTERATtlRE CITKD 

Dia( e, 8 L 10.K) IV Det^munatJoii tif the Burfftoe Am uf the White Bat. 
J A'b/rt/iffn, J, 2Htt 

JjIH, 0 IWM Animal C'a]arlcnetry» pa^er 24, AnalyHla of the Oiddailuti of 
Mixluru of (Carbohydrate and Fat J Ih^ CAem., 59, 41 
Mi HLiif, J R , ANiJ A C Unaroiv 1Q8A Human Calorimetry I A Homl- 
aatooiatlr Re«|Wratlon Calorlmeier J NittrUiimy 9, 23il 
Mi BUR, J H., A C BifcTONANnW M Babrowi, Ja 1956 Tba Spcrlftc 
Dynamlo Aettoo of Rutter Fat and of BupNimpuned HuMar J .Yiiinfion, 
12, 611 

Rji’hb, j a , and (1 F Hodbrstrom 191 A The Rmplratlon CalorlmAtar of 
the RiifViPl] 8a|(e IniitUute of i^tluiiofy Artk tnL Mid , 19, Pt II, 80A 



MBLAIfOPHORB RBSPOlfSBS ARD BLOOD SUPPLY 
(VASOMOTOR CHARGES) 

O H. PJJtUK 

Kmfnlu% ZmAw, Uartard Liuiiniltf 
(,H»sd by htir, Xoi i7, ISJ7) 

Abktiivt 

Tl lioit luiiK hmi kniinn that in manv aniinaln, uurh an i (uinpIpoiiH aiming 
liraida and ratfiahaa and kdlibithea amonK Uir hunv Ikdim, thr rhanfi alilv iiiliir 
cfU* in the ukuw a( theae ammak are under the rontnd <>( nervtN It line mil 
lireii aacertalneH abethri theae nerveetauae the color tells to expand orionliatl 
by diiort arUoo an motor iiorvea activate muiv lea or nhether tbo cbroinaUiphnip 
liervea act on Unod-vmnela which in turn ronlnil the lolor cells by an inci raxed 
or derreaMid output oT parUrular euhntanrcv, Ihua reeultinit ui an indiiett in- 
fluence for the nervm Thii queetlon aaa tented by cultinR off the hhaal xii|iply 
from a ipven area of akin <d nich flahea aa tbe do(flah, the killiGnh, and Ibr mthah 
aud then e»itum the nervei to the color relli to aacertaln whether Ihnw relln 
could atdl react Such wrae found to be true hnr half an houi afici tlie blood 
had been excluded from tbe akin but ahile tbe tlxHuee were atiU alive the nervra 
when exiited could induce either rontrectinon or oxpanBiona of the color rella 
Thia alao occurred even in arena of akin from whu h the qiilewent blood had bieii 
fully traahed out by imRation o( the blood-vcMla with RJncer'h aolution It it 
Ibetnfotw com hided that nenrea to color rella art directly oo theae rella and not 
Indirectly UirouKh the blood aupply 

1. iNTKODt'CTlON 

For at least a decode and a half etudenln of ehromuto- 
phores and particularly of vertebrate melanophores have 
intimated in one way or another that in experiments on color 
changes too little attention has been paid to the pottsible 
effect of associated interferences with the blood supply Thus 
Hogben in hu volume on “The Pigmentary effector System" 
(1924, p. 36) states in discussing this situation in Iisards that 
“there exists, at present, no well-authenticated exporimcnls 
demonstrating positive effects of nerve reaction or stimulation 
in Reptiles or Amphibia, conducted in such a way as to exclude 
the possible influence of concomitant vasomotor changes " 

raocrcMMSs or nli wauiciH pbilosopuilal got in y, 
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liUndHLrom and Bard (1032, p. 8) in commenting on the part 
played by adrenalin m blanching Muatelus remark that “it 
may well have been that" through this substance a “ vasocon- 
slnctlon of cutaneous vessels led to an asphyuation and 
conscqueut contraction of the melanophores ’’ Young (1933, 
p. 580) concludes a brief discussion of this instance with the 
remark that the paleness of the dogfish under adrenalin is 
probably “a secondary effect due to vascular change," and 
Wykes (1936, p 463) finds “considerable support" for the 
assumption that in elasmobranchs adrenalin alTccts the color 
indlretlly “ns a result of its vaso-constriction action." None 
of these statements is accompanied by any evidence experi- 
mcnlol or otherwise that tends to show their correctness. 
They are in short unsupported opinions on a matter which 
appears to call for some comment and which from the fre- 
quency with which such comments have been made roquirea 
mi answer. The present paper will be devoted to a considera- 
tion from an experimental standpoint of the relation of the 
vascular system to the melanophore reactions of three fishes, 
Mualflua cants, Anmurus nfbvlosiis, and Funduhu heterochlw. 
This work was done at the Marine Biological Laboratory at 
Woods Hole, to the Director uid Assistants of which I am 
under obligation for aid in many ways. 

2. Mcbtelub 

The dark phase in the smooth dogfish Mvsletus is due to 
the action on ils meianophores of a secretion from the inter- 
mediate lobe of the pituitary gland (Lundstrom and Bard, 
1932) and the pale phase to the action of a Upohumor from the 
content rating nerve-fibers on these pigment cells (Parker, 
1035). Consequently the only phase in this fish which is 
significant for the present diseuseion is the pale one and the 
most favorable part of the fish in which to study this phase is 
the pectorid fin Some ten minutea after a cut traneverse to 
the rays of the peotoral fin of a dark dogfish has been made in 
a position to interfere least with the blood supply, a pale band 
appears reaching from the cut directly to the margin of the fin. 
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This band multa from a concentration of the pigmenl in the 
melanophores of the region concerned. 

It woe now attempted to ent off the flow of blood in the 
pectoral fin of this fish and to ascertain whether or not (he 
formation of a pale band would occur after this step had been 
taken. In an active adult dogfish dark in color the subclavian 
artery was exposed and tied o!T and two cuts were made in (he 
fin so as to intercept the chief veins in this organ An in- 
spection of the middle of the edge of the fin, under the uucro- 
scope, showed no movement of blood in the vessels in which 
previous to the operation a copious flow had been seen. On 
making a Iransveree cut to incite the nerves in such a bloodless 
hn the pale band appeared as usual in some ten minutes nr so 
(Fig. 1). But an inspection of thu lateral edges of the fin 
showed more or less collateral circulation, as in fact Wykes 
(]93fl) had reported for other elasmobranchs similarly treated, 
and since the body of the fin in iiiutdut was too thick tor 
microscopic examination this method was abandoned as not 
fully reliable. 

A second method was tned in which a stout cord was 
bound round the base of the pectoral fin directly next the 
trunk of the fish and then t^tened by being twisted as a 
surgical tourniquet is made tight. This method proved en- 
tirely effective as a means of checking completely the flow 
of blood in the fin. 'About an hour and a half after the fin bad 
been tied off it began to blanch slightly. This change in 
color could be seen particularly when the corded fin was com- 
pared with the opposite, normal fin After about three hours 
the. corded fin was very much paler than lU mate. At this 
stage the cord was removed from the fin and in less than half 
an hour the fin hod become as dark as the met of the fish and 
indistinguishable in appearance from its opposite. An in- 
spection of its edge under the microscope showed a fully 
relumed circulation. In a second test the cord was kept on 
the fin for some six days. In thu test the fin blanched as the 
first one did, then became mottled and discolored and finally 
after about five days its tissua showed necrotic changes. 
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The cord w/u then removed but the fish died the day following. 
Whether death resulted from the condition of the fin or from 
some other cause was not determined. In several instances 
fins bound in the way described were cut from the fish Just 
distal to the ligature In none of these was there any bleeding 
from the central stump as was regularly so when unbound 
fins were cut ufT These preliminary trials showed that this 
method was reliable so far as the stoppage of the circulation 
of blood was concerned, but that it was safe to regard the 
responding tissues as normally active for only an hour or so 
after the ligature had been appbed 

When cuts such as would have incited pale bands in a 
normal Mwlelut were made immediately after the flow of 
blood hod been checked by ligating the fin as already de- 
scnlied, pale bands were regularly formed (big 2), but they 
were not so pronounced as the ordinary pale bands in normal 
fishes and they could be incited only dunng the first quarter 
of an hour or so after the circulation of the blood had been cut 
off. lliey were, how'cver, invanably and unquestionably 
present under the circumstances The fact that these re- 
actions arc to be seen for only a short timo after the flow of 
blood in the fin has been checked makes clear why Wykes 
failed to get conclusive evidenie on this particular question. 
.4fter having tested the effect of obetructing the blood supply 
in a number of elasmobranchs she conclfided (1936, p 466) 
“where the circulation is impodod^ melanopbore changes are 
temporarily oluninated." she tested the elasmobranchs 
on which she worked within a quarter of an hour after the 
occlusion of the circulation instead of some three to four hours 
thereafter, she might have reached different results, though it 
18 to be home in mind that the elasmobranchs on which she 
worked probably do not possess concentrating nerves. 

In a third method the young of Afustelus, the pups, were 
employed instead of the adults. These pupa were some 30 
centimeters long and remarkable for the activity of their 
color changes. Dark indlviduais were opened ventrally so u 
to expose the heart, and the ventral aorta was firmly ligated. 
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An inspection of the edge of the pectoral Una under the inioro- 
Rcope showed before this operation a good flow of blood. 
After the aorta had been bgated, no circulation could lie aeon^ 
as might have been expected On Iigatmg the ventral aorta 
appropriate cuta were made in the pectoral fins and pale 
bands were mvanably formed soon thereafter (Fip 3 and 4) 
These bands, though not so pronounced as those in normal 
pups, were more stnking than those m the ligated fins of the 
adults. The records from the pups as well as those from the 
adults show without doubt that the blanching of Uuatelua on 
nerve cutting in the absence of an active blood supply is still 
possible though this capacity persists for only a part of an 
hour after the blood has been cut off. These tests are suffi- 
ciently conclusive to show that no vasomotor or other vascular 
changes are necessary links in the chain of events that inter- 
vene between the action of the concentrating nerve endings 
and the responding of the mclanophores It is concluded 
that the melanophores in MruUhi* are directly stimulated by 
their concentrating nerves. 

3. iVuEiunns and Fundulus 

There is good reason to believe that the mclanophores of 
Fundulus (Mills, 1932; Abramowiti, 1936) and of Amnunu 
(Parker, 1934) are doubly innervated in that they possess 
one set of nerve-fibers for the concentration of their pigment 
and another for its dispersion In Ameiwiu the action of the 
disperaing fibers is supplemented by a pituitary secretion and 
that of the concentrating fibers possibly by a concentratmg one 
(Abramowiti, 1936) In Fundulxu the control of the melano- 
phores seems to bo purely nervous except that the action of 
the dispersing fibers may possibly be aided by a weak pituitary 
hormone (Kleinholi, 1936; Abramowiti, 1937) In ducussing 
the condition in these two fishes attention will be directed to 
(he nervous control of their melanophores and the particular 
question to be kept in mind is whether the nerves act direct ly 
on the melanophores or indirectly through vascular changes 

If the electrodes of an induction apparatus are applied to 
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the medulla of a dark Ameiurut or a dark Funduiut, the vhole 
fish quickly blanches If such cleclrodee are brought to bear 
on a single ray in the tail of one of these fishes in the dark 
condition this ray from the region of applicatiou to the edge 
of the fin will blanch These responses have long been known 
to be due to the stimulation of the concentrating nerve-fibers 
of the parts concerned. If the autonomic trunk in the region 
of the internal ear of a Fundulus or of an Ameiurus is out, the 
corresponding ode of the head from the region of the cut to 
the antenor end will darken by the dispersion of the pigment 
in the mclanophores of this region. If a ray and its contained 
nerve in the tail of either of these fishes is cut, the ray will 
darken by melanophorc expansion and become evident as a 
band extending from the cut to the edge of the tail. Theee 
responaes, which were originally bebeved to be due to paralysis 
of the concentrating nerve-fibera, are now known to be the 
result of an excessive stimulation of the dispersing nerve- 
fibers The question to be determined in this connection is 
the extent to which these two sets of nervous reactions, the 
concentration and the dispersion of melanophore pigment, are 
dependent upon vascular change. 

The pale phases in AmeiurM and in Fundulu* are easily 
excited locally by a faradic stimulatioa of a nerve trunk. 
Does such stimulation induce through the nerve a contraction 
uf the blood veesels with a resultant anoxemia whereby the 
melanophore pigment is induced to concentrate? So far as 
our present knowledge goes such a relation is possible and it 
18 to instances of this kind that Hogben (lOM) has rightly 
directed attention. 

1 have attempted to approach this question in the following 
way. Six catflshes which had been Uanched by three days' 
retention in a white-walled illuminated vessel were cut each in 
two spots in the tail so that all the fiahtt showed on their 
caudal fins two well defined separated dark bands. Several 
hours after these bands had bwn formed each fish was sub- 
jected to the following teat. By a single cut of the scissors 
through the most poeterlor right and left gill-alits oompletely 
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from side to side the veatral aorta of the fish was severed and 
the eirculatloQ of blood thus stopped. The fish was then laid 
on its side, the toil spread out, and the points of a pair of 
electrodes were immediately applied across one of the dark 
bands close to the root of the tail In from three to five 
rainutee, dunng which time the stimulating current uas 
running, the band began to blanch with the result that m a 
minute or so later the band had disappeared in that its area 
had become as pale as the rest of the fish wan. The remaining 
fishes were treated in the same way except that in a few rases 
the electrodes were first applied to the cut ray proximal to 
where it was severed with the result that the band failed to 
blanch. When, after this preliminary test, the electrodes 
were next placed on the band distal to the cut, the band 
blanched as in the previous instance. Dunng all this proce- 
dure, the severed band on the tail remained unchanged show- 
ing that the general condition of the fish m this respect was 
unaltered. The tail of one fish after the ventral aorta had 
been severed was examined under the microscope to ascertain 
the condition of the circulation As was to hove been ex- 
pected there was no flow of blood in the vessels. Exactly 
similar results were obtained from tests earned nut on the 
tails of a group of Fvndulvt It, therefore, appears certain 
that mdanopfaores can concentrate their pigment under nerve 
stimulation in regions devoid of a flow of blood. Tests of 
this kind repeated on catfishes at intervals of time after the 
cutting of the ventral aorta showed that melanophore con- 
tractions could be Induced as desenbed for some 26 minutes 
foUowing the elimination of the blood supply. After half an 
hour it was generally impossible to excite the contraction of 
the melanophore pigment electrically, and in an hour or two 
what may have been left of the control band and all of the 
band especially tested gradually disappeared by blanching. 
This late response I believe to be the first sign of true anox- 
emia which charaoterises Anuivnu and Fundulus after death 
In my opinion it has nothing to do with the earlier blanching 
of the caudal bands by eleotrio stimulation. 
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An a final test of the relation of blood to the diepermnK 
rcai-tiona of melanophores I tried the following experiment 
on large catfishca An A ineiurua waa restrained ventral side 
up and its penrardial cavity opened. Into ita ventral aorta 
a ranula was tied through which the whole rirrulatory system 
of the fish could be perfused with Ringer’s solution. The 
Ringer's solution was introduced under a pressure of some 
seventy centimeters of water and after seven to eight minutes 
of flow it escaped free of red color from the opened auricle of 
the fish An inspection under the microscope of the toil of 
the Ameiums showed the blood-vessels of this organ to he free 
of blood corpuscles Presumably this amount of irrigation 
freed (he circulatory system in this fish of its blood. .At this 
point in the operation a ray in the tail was cut in the usual 
way and about ten minutes thereafter a dark caudal band 
appeared in appropriate position This test was earned out 
on four catfishes m all and mvanably with the same result 
It seems clear, therefore, that in Anmurua the absence of 
standing blood in the blood-vessels offers no hmdrance to the 
action of the dispersing nerves on their associated 
melanopboros. 

These observations confirm in all essential respects Smith’s 
studies (1931) on Phoiinu* in which he showed that after the 
loss of the heart and the consequent cessation of the blood 
(low, the melanophores in this minnow could be made to 
contract by electric stimulation. Here in fact the tests were 
repeated several times on the same fish. The period over 
which such tests were possible was set down by Smith at about 
half an hour In a similar way Abramowiti (1936) showed 
that when the autononuc strands in the posterior part of a 
catfish that had been severed from the rest of the fish and 
consequently was without circulating blood are stimulated 
electncally, the innervated melanophores contract and the 
tail blanches. Both these sets of observations are confirmed 
in general by my own work just recorded. 

The dork phase of Ametunts and of Fundubu may be 
induced by the severance of dispersing nerves. When these 
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arr rut in a pale fiah, a dark area or a dark band rrHuIta, due 
to the diapeniion of melanophore pigment Such reapomieN 
were first de«cribed in fishes by Pourhel (1870) An already 
stated they were regarded by the earlier workera as the result 
of the paralysis of concentrating nerve-fibers, but they have 
since been shown to be due to the over-excit alien of dispersing 
fibers in consequence of the mechanical stimulation due to 
cutting. 

In both Fundultu and Ameiunut two sels of neivcs are 
favorable for cutting, the uphtbalmir nerves in (he orbits and 
thu radial nerves in any of the rays in the tnil Uy a small 
incision through the skin dorsal to the eye-ball the orbit of 
either of these fishes may bo opened and the ophthalmic iierM; 
easily reached as it crosses on the dorsal bony roof of that 
cavity It w not difficult to sever this nerve without injuring 
(he accompanying blood-vessel. When such a cut is made 
the appropriate half of the head of the fish darkens from the 
cut anteriorly to the snout This condition has been noted 
recently by such workers as rimith (lOdl) and especially 
.\bramnwiti (1036). Abramowits ubs(>rvpd further in .laict- 
urus that if only the blood-t easel was severed, the nerve having 
been left intact, no color change occurred It is highly 
improbable that this vessel supplies exactly the region on the 
head that darkens when the nerve alone is cut or (hat col- 
lateral circulation may not replace a port of the true vascular 
field after the vessel has been cut 

To teat still further the significance of the blood supply in 
this respect in both Amnunu and in Fundultu I excised the 
hearts of these fishes and then immediately cut on one side of 
each fish the ophthalmic nerv'e In all such instances the 
appropriate side of the head now without circulation darkened 
as it did when the nerve was cut and the blood was flowing 
normally. 

What is true of the ophthedmic region in these two fishes 
IS also true of their caudal rays When a bony ray with its 
contained nerve in a heartless Fundviw or Ameturus is cut, 
the ray immediately darkens even though there is no circula- 
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tioD uf blood in the fin. These reaclioiu like those of the 
ophthalmic darkening of these fishes appears then not to be 
immediately dependent upon any vascular factor, but to take 
place through the direct action of the disperamg nerve-fibors 
on the melanophoree 

Such a conclusion is consistent with an interesting and 
somewhat remarkable condition m the tail uf Fundulw first 
pointed out, I believe, by Abramowiti. When the postenor 
autonomic chain on one side of p, Pundulua is severed, the 
posterior quadrant of the fieh on the appropnate side darkens. 
This darkening extends over the tad and is limited to the 
corresponding face of this relatively thin organ as can be seen 
by inspecting the melanophores of its two sides It is indeed 
remarkable that the change does not spread to both sides. 
The blood-vessels of the tail freely anastomoae, in fact there is 
only one general vascular supply to this organ. The chroma- 
tophoral nerves on the other hand arc apparently bilateral 
in their distribution in that the nerve-tibers from the right 
side of the body remain on that side of the tail and those 
from the left on their side. The excitation of appropriate 
nerves thus induces unilateral responses. .Although the 
peculiar condition herein described is not a proof of melano- 
phore independence of the vascular system, the understanding 
of this condition is made possible where such ludependence is 
assumed 

What part the blood system could play as a mediating 
mechanism between nerves and meluiopbores in the darkening 
of such fishes as Amnunu and Fundulua is not easy to state. 
Vasodilation might bnng more of a dispersing hormone, such 
as intermedin, into the lymph Hurrounding the melanophores 
and thus induce entpansion, but the reactions we are consider- 
ing are nervous and not thoee due to pituitary secretions. It 
is m fact difficult to ascribe a dispersing nervous activity In 
these reactions to vasomotor changes. VasoconstrictioD on 
the other hand mif^l produce tissue anoxemia and hence 
concentration of melanopbore pigment (blanching). But it 
has already been shown that nervous blanching can take place 
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longr befote tissue annsemui sets in ao that it is unnecessary 
to assume any such vascular condition as a part of the norm^ 
blanrhlnx So far as Apuiurua and Fundulua are concerned 
the pale and the dark nervous responses certainly take place 
under appropriate stimulation in individuals in which the 
circulation of blood has ceased and in which consequently 
vasomotor effects ate quite impossible This condition favors 
distinctly the view that the dispereinfC and the concentrating 
iicrve-flbera act directly on the mclanophores and not through 
vascular intervention 

4. DiBt'imaiuN 

The conclusion to be drawn from these studies is that in 
the three fishes investigated, Muatflw, Ameiurua, and Fundu- 
lua the melanophore nerves, both concentrating and dispers- 
ing, act directly on the nielanophorcs through their neuro- 
humors and not indirectly by exciting vasomotor changes. 
The vascular supply is of significance in these color changes 
only in so far as it provides a favorable environment in which 
these changes may take place. In an hour or ao after the 
blood IS cut off from a given area of skin the melanophoros 
begin to lose their ability to respond probably from anoxemia, 
but the blood supply plays no special part in the details of 
pigment concentration or dispersion. Not only do the 
melanophore nerves act in this way but such neurohumors as 
Intermedin appear to do the same, for this substance seems to 
act directly on the melanophores, in that it is difficult to 
conceive of any vasomotor change that might induce dis- 
persion of pigment. Whether adrenalin acta in the same way 
or not is uncertain for its well known vasoconstnctor effect 
may induce anoxemia of the tissues which might be followed 
by the concentration of melanophore pigment usually ascribed 
to this hormone. However adrenalin will contract melano- 
photea at coneentrations so weak as to produce no vascular 
effeets whatever and it is more than probabie that this hor- 
mone also influences melanophorea directly and not through 
vaaomotor channels. It ie therefore probable that the 
nuepidons of such workers as Hogbtn, Lundatrom and Bard, 
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Young, and Wykes, that vasomotor influences play a neces- 
eary part in melanophure responses must bo considered with- 
out weight until at least positive evidence in favor of this 
view has been brought forward. 

The improbability that vasomotor changes are concerned 
with the ordinary color responses of snimiilH has been often 
pointed out When a cut is made in the caudal fin of any 
such fish as one of those discussed in this paper, blood-vessels 
are cut as well as nerves and a hand of redness is traceable 
from the cut toward the edge of the fin. This band is made up 
chiefly of veins congested with immobile blood. After a 
melanophoro band has been formed, a close companson 
between its limits and that of the reddened area will usually 
show lack of agreement This can be well seen especially in 
Mustelus Here the pale bond when formed in a darkish 
fish has sharply defined rectilinear edges thal follow very 
accurately the radial nerves whereas the reddish area over- 
spreads these limits and has no well defined contours More- 
over if the smaller and more superflcial blood-vessels including 
the capillaries are examined under the microscope they will be 
found in most parts of the pole band except immediately 


DESCRIPTION OP PIUURBS 

AH Sgumi takcti from the pertonl flni iiT fho emonth du|t6Mh Miieteliu 
rmnut I AID under obligaljon to Dr F M Carpenter for the prepemtion of the 
phutngnphfl 

Fia 1 ntinHil view of tlie n^t peotbrml fin nf »» adult ilc]f{fl«h llo 
■ubeUvlan art^y id thia An bed heen end ita vWn bed been cut In two 

plenna bm aliuwn by the Incfadone ncer Ita enU^or and poeterlor cdffeH. After thf* 
idooU nee In larger pert tbua cxriuded from the flu mon* neerly ceatnl out 
WB 0 made wberviipun e palo bud wee formed pxtmdini from thbi cut toward the 
edge of the An 

Fia i Done! view of e left fia uf u adult dogfleh Hie blood nipply Ui 
this fin had been out uff by e gooprel Itgeture at Uip baae iif the fln On making 
an exrKlog cut near the oikldlc of the fin, n faint, pale hand devd(^iBd from the 
cut toward the edge of the fln 

ViQ 3 Domal view of a right fin from a pup the blond droulatlon nf which 
had brought io a atudittll by lifting He vmtnd aort* After ihle opora- 
iloo, the exciting eut near the baee of the fin waa made whereupon a pale band 
developed 

Fio 4 The iBine fln aa that ihown in Fig 3 but viewed from the ventral 
aide The pale band la more evident on tkie than on the domi dda. 
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around the wound to exhibit a flow of blood hardly different 
from that aeen in normal akin. It la these am^ veasela 
rather than the larger ones that are next the melanophorea 
and it is these veasela through which a oomplete collateral 
circulation is restored. This lack of agreement between the 
pale area of nervous distnbution and the red area of blood 
disturbance aa well as the almost immediate establishment of 
a collateral blood supply in the experimental area has led 
many workers to discredit the suspicion that vascular dis- 
turbances are concerned with the detaila of color changes. 
All these conditions are still more emphasited in the oph- 
thalmic region where areas of blood supply and of nerve 
distribution disagree strikingly. Moreover, as Abramowits 
(1036) has shown in Ameiurut, the ophthalmic artery ran be 
cut, leaving this nerve intact and yet without the least 
interference with the color changes. These conditions, some 
of which were pomted out years ago, seem to have escaped the 
attention of those who have raised the question of vasomotor 
factors in color change 

No general conditions such as those whidii have been 
described in the preceding paragraph are known, so far as 1 
am aware, in support of the vasomotor hypothesis, and since 
these conditions as well as the experimental resulta given in 
this paper are unfavorable to this view, I conclude that the 
detailB of melanophore changes are not dependent upon vaso- 
motor factors, in other Words, that vasomotor activities do 
not form an esaenlJal part of the conneetion between nerve and 
melanophore, 
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THE mSTORIOORAPHT OF IDEAS 
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AwnuGT 

Tht bnuHrh of hMoriofniphy wUrh h cooremod with tho hlatoiy of idnw u 
ntw dividad wmnc raora thu o dam nomlnollr dlitiDct oiwUIUm. Thnw 
dlvWoiia, tbouch notunJ and wconry, do not ronT«|><n)d In raol iliiinHitlnultlas 
In tbo phoBomsiio to he otudlod, Idnillnl ‘Idoao* fow ovei from our of theoe 
(onventloiiolly dtithigulohod provlnni of the hlitory of thinight to other*, and 
thdr rAle* ai farton In the hlatorie prooeai mo often bo imdonrfnud only by 
ohaanrlnil tbrlr oporatfani In divatae Bpociallat*, raomiuently, have beronw 

Innaaaincly awam of tho nerowlty of goinit beyond the huundM nf their own 
upBotaltlea In aritt to (Uaaovir the nun* or to Intarprat the elffilfieanre of fart* 
lylni within than bound*. Hila 1* well fliuitntad In meat work in KnnlMi 
Utontura, rwronially In MUtoolo atudle*. An Indlvldiial arbolar cannot, bowevor, 
hop* to bnootae a oompetent qieolalkt in maay IMda of IntaUeriual hlatory Th* 
only oolutloii, therefora, Un In a sreater praotloe nf organind oooperatlnn, by 
which the *110(11*1 knowladae of Inveetigatora in dlAanot part* of the whole 
aubleet nan ftnmned few the Uhunlnatlon of ^leelllc pnibloni* which aiin In one 
or anothar of than dlyhdon*. (My by moana of nich coopeiatiun will It he |we- 
ribb to cany out •atitfaeUntty oertain larfe and deabaMe projeoU , wbirh Ameri- 
can nboiorililp might well nodartake. Amouc thne may be mentloDed an 
adequate Tahuna id hletacloal and InterpiwtaitlTe aiuiotatlona and any* on 
PurmMm iMi, and a hbtoiy of tb* dovelopment of the idn of ‘evolution,’ In Ibi 
moat eomprehenilve maa, befora Danetn 

Unuki moat of the <»mmuiucaUoiu laid before the 
flocietyi thie paper u not a oontribution to knowledge. It 
belong! to that inferior claaB of writing! which are concerned 
with queetiona of program and method in reaearch, rather than 
with reeulta. It ii, nevertheless, desirable that such questions 
should from time to time be discussed, especially at the 
meetings of learned academies; and the present sltuabon in 
certain branches of historical inquiry seems to make opportune 
some consideration of the matters with which I propose to 
deal. 

1 ou^t to begin by expUining what I mean, in the title, by 
the word ‘ ideas,' but that would demand a long preamble, and 

noomirH UP Tii amoioAM rsiuiuorBirAii lonnT, 

vekk T!, lev 4, naoew, UU sas 
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I have attempted the explanation at mme length elsewhere; ' 
for both reahons I shall dispense with a preliminary definition, 
hoping that the meaning of the term, for the present purpose, 
will become fairly evident from its context in what follows. 

Histonral study having to do, more or less, with ideas 
and their rdle in human afTaini is now actively pursued in our 
umveraities and by non-academic scholars under at least 
twelve different labels 

1 The history of philosophy. 

2 The history of science. 

3. Folklore and some parts of ethnography. 

4. Some parts of tlm history of language, especially 
semantics. 

5. The history of religious beliefs and theological doc- 
trines. 

0. Literary history, as it is commonly presented, namely, 
the history of the literatures of particular nations or in par- 
ticular languages — in so far as the literary historians interest 
themselves, os some do m but small degree, in the thought- 
content of hterature. 

7. What IB unhappily called “comparative literature,” 
which IS apparently, by its most competent investigators, 
understood to be the study of international intellectual 
relations, of the transfer tendencies of thought and taste, 
and of literary fashrons, from one country to another, with 
especial attention to the modifications or metamorphoses 
which these undergo when transidanted into a new milieu. 

8. The history of the arts other than literature, and of 
changes of taste in these arts. 

0. Economic history and the history of economio theory, 
which, though they are not the same thing, are so closely re- 
lated that they may here, for brevity, be grouped together. 

10. The history of education. 

11. Political and social history, and 

12. The histoncal port of sociology, in so far as spedolists 
In these subjects take account, as they now Increasingly do, of 

'T/uOnat Chain <4 BtbiQ (1930), pp. 7-30 
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intellectual or quaai-intelleotual proreeaese, of "ruling ideas" 
or "climates of opinion,” either as causal factors in, or as 
consequences or "rationalisations” of, the political institu- 
tions, laws, mores, or sodal conditions prevalent in a given 
period— the subject sometimes designated as H^tsscTusono- 
logie. The enumeration might be extended and further sub- 
divided, but these twelve appear to be the principal recogmied 
divudons of the general field. 

These subjects have usually in the past been studied in 
relative, though scarcely ever in complete, isolation. They 
are assigned in universities to separate departments, between 
which there frequently has not, I suspect, been much consulta- 
tion concerning the interrelations of their respective provinces. 
Those who investigate them have their separate journals aud 
their special learned societies, and, for the most part, do not 
and, indeed, cannot give much time to reading the journals 
or attending the meetings of their brethren in other holds — 
unless they have the good fortune of membership in some 
non-epecUdiied society such as this. This division of the 
general domain of intellectual history has, of course, been 
mevitable and highly useful. Increasing speciahsation, and 
with it the development and refinement of distinctive tech- 
niques of inquiry, is obviously a necessary condition of 
progress in all branches of knowledge, and not least in the 
historical disciplines. Nevertheless the divisions — in so far 
as these several discipUnes are concerned with the historiog- 
raphy of ideas — are artificial, though not, in general, arbi- 
trary; that is to say, they correspond to no linos of absolute 
cleavage in the historical phenomena under investigation. 
They are in part temporarily convenient isolations of certain 
objects from their contexts, to facihtate more minute scrutiny, 
and in part they are fortuitous, results of accidents in the 
history educaUonal institutions or of the idiosyncratic 
UmitationB of the intelleotual interests of influential scholars. 
And in the present phase of the development of, at least, 
several of these nominally distinct disciplines the lines of 
division are breaking down. They are bre^ng down because 
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quMtioDf originally raiaed within the traditional limita of one 
or another of theae anbjecta prove incapable of adequate and 
accurate anawer without going beyond thoae limits Ideaa 
are commoditiea which enter into inteiatate conuneroe. One 
notable example of the growing recognition of thia haa been 
the emergence, out of the study of separate national litera- 
tures, of the study of comparative hterature. But the ob- 
servation of what happens to ideas when they cross national 
or linguistic boundary lines is but a small part of the process 
of which I am speaking, even in the specific case of the history 
of literature. This may be illustrated by recent tendencies in 
the study of English literature. Scholars who pnmarlly set 
out to be specialists in that field, and even in a limited part oi 
it, have found themselves compelled to confess, not only how 
little they know of English literature who only Englith 
hterature know — that has long been obvious — but also how 
little they know of English literature who only literature 
know, A scholar, for example, decides to attempt a special 
study of Milton, or, narrowing his subject of investigation 
still further, of Paradiw Lo*L It is, of course, possible to 
treat that work from an excluMvely eBsthetic point of view, as 
"pure literature,’' without raising any historioal questions 
about it — though, if I may thus parenthetically dogmatise, 
half even of the (esthetic values of the poem will thereby be 
lost. In any case Parodiu Lost is, inter alia, an extremely 
interesting phenomenon in the history of the activities of the 
human mind; and it is, in part, as such that most scholars in 
Knglwh literature now iq^roach it. Now Paradue Lost is 
not merely, as the schoolboy noted with surprise, full of 
familiar quotations; it is also full of ideas, which, if only as a 
means to the understanding of what Milton meant, and of the 
movement his mind as he oomposed, need to be seen in their 
historioal perspectives. Scarcely one of them is original with 
him, though many of them receive a special twist or coloring, 
or enter into novri combinations, in consequence of personal 
characteristics of Us. Even to recognise what is dlsUnctiTe 
of either his style or his thou|^t os distinctive, it is necessary 
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to have both an extensive and a fairly intimate acquaintance 
with manifestations of the same idw elsewhere, especially 
among his contemporanes and among those of his predecesBora 
with whom he is known, or can be fairly presumed, to have 
been acquainted. It is as impossible to appreciate the 
characteristio qaalhies of a poet's mind and art, when he is 
expnesing a general idea, without knowing the idea and also 
otto expresaians of it, as it is to appreciate the art of a 
painting of the Madonna and Child without knowing the 
opening chapters of the Oospels of Matthew and Luke and 
without having seen any other paintings of the same subject. 
But the history of the ideas in Milton in great part does not, 
by the conventional classiflcation of 'subjects,' he in the field 
of English literature; it belongs to the history of philosophy, 
of theology, of religious poetry in other languages, of science, 
of csthetio doctrines, and of taste. 

For example, in the Eighth Book, it will be remembered, 
Adam and the Archangel Raphael engage — somewhat oddly~ 
in a long discussion of the theories of seventeenth-century 
astronomy. Even for the exegesis of Milton’s text — for the 
men identification of the hypotheses referred to, which are by 
the poet sometimes rather loosely expressed — it is necessary 
to be extensively acquainted with the doctrines and reasonings 
of the astronomers from Copernicus’s time to Milton's con- 
cerning the arrangement and motions of the celestial bodies, 
and tto is the more plainly necessary if any competent 
judgment is to be formed as to Milton's knowledge of and 
attitude towards the new science of his age. The student of 
ParadiM Lost, therefore, is forced by the nature of the his- 
torical inquiry in which he is engaged to turn to a I>art of the 
history of solenoe. And if he is a cautious and critical scholar, 
he will not be content to get up a little information on the 
subject from Dreyer, Duhem, or otto general survey, scarcely 
even to review the more recent monographditeratun on the 
history of early modern astronomy — especially as this will 
often not give him what he needs for his special purpose. He 
will feel oonstrained to study the relevant astronomical texts 
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themselves, and to attempt to make himself really at home in 
the theories of the period; and he may be enabled, in conse- 
quence, to make fresh contributions to the history of that 
science, of interest to those who know not Milton and are 
mdiilerent to the reputed astronomical opinions of the 
Archangel Raphael. 

I am not descnbing a hypothetical case, I am describing 
what has actually been happening m a single part of recent 
Miltonic study ‘ directed upon a passage of some two hundred 
lines in one Book If the meaning and the background of the 
ideas in the whole of Paradut Loal are dealt with in a similar 
manner, the student will find a wide range of other concep- 
tions the history of which, once more, is not a part of what 
has commonly been considered the province of the histonan 
of English literature, but lies within the domains of the 
specialists m many other branches of learning. When, for 
one brief example, Milton’s Adam quotes Aristotle (without 
acknowledgment) to his Creator, observing that while the 
deity is sdf-sufficient and “best by himself accompanied,” 
ha (Adam) needs a human companion even in so agreeable a 
place as Eden, it is desirable that the careful student of the 
poem, as a historical phenomenon, should know this fact. 
For, m the first place, without a knowledge of it, it is not 
impossible for the reader to miss much of the point of Milton's 
lines In the second place, the identification of self-sufficiency 
with the supreme good — which, however, Adam is here made 
to declare, is a good for God but not for man— is one of the 
most influential and widely-ramifying ideas in Western 
thought,-* and in this larger historical vista Milton’s expression 
of the idea gains a great enrichment of interest — an increase, 
BO to say, of voluminosity. In the third place, Milton’s 
particular way of employing tbs Aristotelian theorem, on the 
one hand illuminates his conception of God and on the other 

■ As essmplM smong Amerlcu Mfa<dsn In ibis Ssld I msjr nsotluo the work 
of Dr Msoorts Nloolsoa, Dr F R. Johnsoa sod Dr Qrsnt MsCoUsj 

'2Pi, vni, iie r, 437 r 

•See tbs writer’s Tbs OrssICikiwK/RMiv (1986), lSl,iiid 4a i,4Sf 63,83. 
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hand amounts to a fairly exj^icit denial of the proposition — 
which had been assumed as axiomatic in most orthodox 
Chiutian theology — that man’s chief good is the tmiJolio dei. 
And Anally, a recognition of the Aristotelian source of Adam’s 
theology lends to the passage, I can’t but think, an agreeable 
touch of humor — not, I admit, probably intended by the 
poet. But all this appears not to be generally known to the 
Milton-commentators They have, no doubt, usually been 
too little acquainted with Aristotle, and with the history of 
philosophy m general, and the Aristotelian spei-ialista have been 
too little concerned with Milton, for either to establish tlie 
connection. Similar examples might be multiplied by the 
hundred, all illustrating the general fact that the quest of a 
historical understanding even of singie passages often drives 
the student into Kelds which at fint seem remote enough from 
his original topic of investigation. The more you press in 
towards the heart of a narrowly bounded historical problem, 
the more likely you are to encounter in the problem itself a 
pressure which drives you outward beyond those bounds. 

If, instead of literary history, we had taken as a starting- 
point any one of several other Aelds of historical inquiry, we 
should have encountered siinliar, and m many coses more 
important, lUuatratiuns of the necessity of this sort of correla- 
tion , and we should, if I am not mistaken, have found among 
the keener-minded specialists in those Aelda a growing sense 
of that necessity. It is perhaps not too much to say that, 
in the history of historiography itself, we have now reached a 
juncture at which the indispensability of a closer and wider 
haison — or, to better the metaphor, of a great deal more cross- 
fertilisation — between pnmarily distinct discipline, is much 
more apparent and more urgent than it has ever been before. 
It would be wholly false to say that the phase of increasing 
minute specialisation in these studies is over — though in some 
of them, I suspect, the period of diminishing returns from the 
customary methods of cultivation baa been reached, it would 
nut, I believe, be falao to say that mcreaaing apecialiaation 
has actually "passed over,” like a category in the Hegelian 
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logic, into its own apparont opposite, and now manifests 
itself as a demand for more historiral synthesis — for the es- 
tablishment of concrete and fruitful interconnections at a 
large number of specifiable points. And if this is so, we uw 
confronted with a difficult situation pertinent to w^t may 
be called the general strategy of historiral inquiry, and m some 
degree also to the organisation of advanced instruction in 
umvenities, which demands practical consideration. 

The nature of the difficulties is, I suppose, evident; 
explicit consideration of it may perhaps suggest some allevia- 
tions, if not a complete remedy. The divislone of the total 
domain having to do in any degree with the r61e of ideas in 
history exist; and it is neither passible nor desirable to abolish 
them in favor of any vague “universal history.” Yet it is 
now plain that the scholar who wishes to understand suffi- 
ciently the material within almost any one of these divisions 
must take account of material lying, according to the con- 
ventional boundary-lines, m other— often in several other — 
divinions. But no man, obviously, can be a competent 
original mvestigator in many provinces even of history. Yet 
the specidist often — and, I am disposed to think, usually — 
cannot get what he needs even from the more subetantial 
general treatises or manuals in the subjects which he finds 
his own overlapping. One reason, though not the only one, 
why he cannot is that the authors of thoee works, having 
preoccupations different from his, may have left out predsely 
the portions of their subjects wbicli are most pertinent to his. 
It would be possible to cite, if time permitted, specific in- 
stances, in wffich the initial specialised interest of investiga- 
tors m one province has produced a kind of bUndneae to 
aspects of the historical material with which they deal that are 
of great significance in relation to other parts of intellectual 
history. That it is easy, in obeerving any Object — including 
historical sources — to overlook a good deal of what is there 
and is Important, unless you know what to look for, la a 
truism sufficiently ilhiatrated by the olasdo anecdote id the 
student who, being required to describe a fish-ekdeton placed 
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before him, faithfully enumerated all the features of the object 
except the most oonsplcuoua — bilateral symmetry Learned 
historians of literature, philosophy, religion, science, or social 
or political movements, sometimes fall into comparable 
omissions, simply because, knowing only their own subjects, 
they do not know all that is to be looked for in those subjects. 

But it is time to pass on to the question how the difficulties 
of this situation can be diroinished. Upon this question I 
submit three observations. 

1. The first wrill periiapa be the most repugnant, and may 
seem only the expression ot a professional bias, of the tendency 
of a specialist to fancy his own subject to be of peculiar 
interest and importance. However that may be, I think one 
of the desiderata in the juncture I have described is a more 
general recognition of the fact that in the hbtory of philosophy 
is to be found the common seed-plot, the locus of imtial 
manifestation in writing, of the greater number of the more 
fundamental and pervasive ideas, and especially of the con- 
trolling preconceptions, which manifest themselves in other 
regions of inteliectual l^tory. To offer proof of this here, for 
those, if there be such, who doubt it, is manifestly impossible. 
But if it is a fact, it has two practical implications' first, that 
in the preparation of scholars for competent investigation in 
most other historical fields, a sound training both in the history 
of philosophical ideas and — what is not lees important- in 
the methods of philosophical analysiB — of taking idea-oom- 
plexes apart — ^is especially needful; and second, that the 
history of philosophy needs to be studied with more attention 
to the repercussions of philosophic ideas outside the great 
technical systems, and to be presented in a manner rather 
diffmnt from the usual one, which will maks it more digestible 
and nutritioua for non-philosophers. In explanation and 
justifleathm of this last thesis I might, but I shall not here, 
expatiate at length; but what I mean by it may in part be 
gathered from what I shall say under the next head. 

2, 'nie history of indiiridwU Ideas as such — or the ideas 
entertained by men on individual quesUont which have seemed 
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to them eigniAcant — u in great piart iitill to bo adequately 
inveatigated and the results to be written. On this I have 
gone into print elsewhere ' and shall on this occasion apeak 
only summanly There are, I have auggeeled, many ‘unit- 
ideas’ — types of categonea, thoughts concerning particular 
aspects of common experience, implicit or expheit presup- 
positions, sacred formulas and catchwords, specific philo- 
sophic theorems, or the larger hypotheses, generalisations or 
methodological assumptions of venous sciences — which have 
long lifc-histones of their own, are to be found at work 
in the most various regions of the history of human thinking 
and feehng, and upon which the intellectual and affective 
“reactions” of men — individuals and masses— have been 
highly diverse There is here another distinct realm of 
histonngraphy, which needs to be added to the dozen men- 
tioned at the outset, partly because it is concerned with a 
class of histoncal phenomena of extraordinary interest in 
themselves, which the others do not wholly cover, and partly 
(which is the point that I here wish to make) because their 
progress depends greatly upon it — as its progress, not less 
truly, depends upon theirs. Untd these units are first 
discriminated, until each of them which has played any large 
rAle in history is separately pursued through all the regions 
into which it has entered and in which it has exercised in- 
fluence, any manifestation of it m a single region of intellec- 
tual history, or m an individual writer or writing, will, as a 
rule, be imperfectly understood— and will sometimes go 
unrecognised altogether. “There are few thmgs m the world 
more mtereeting,” Professor Lowes has remarked, “than the 
disclosure of facts which throw into fresh perspective a mass 
of other historic facts.” ' Through the sort of study of 
which I am now speaking, the study of the (so far as possible) 

' Id tin introduotory leotura of Th» (heal Cham ef Bettif, the net ef the mhinio 
Iwlna u attemM to (Ivs, m ISr u the suthor’i Ksouieee ud the Umltatieni of t 
■Inclr ooune o( leotuie permltlsd, u ilhiitrstioa of niob s itudy of s ilngle Ides, 
In ttj Intonetlou wltb othan. IVolewr Qeoffe Boa* and the writer bire at- 
tempted a ilmllar atudy, by a eomewhat dtllereot method, In iVimnwina and 
Belalti IdeoM tn AtiUtmly, (IBSt) 

■ In hii "Teaeblni and the (^jilrlt of Raeareh,” The Amerlean Scholar, 1933. 
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total Lfe-hintory of individual ideas, in which the many parts 
that any one of them plays upon the histone seene, the (Offer- 
ing facets whirh it exhibits, its interplay, conflicts and al- 
liances with other ideas, and the diverse human reactions 
to it, are traced out with adequate and cntieai documentation, 
with analytical diacrumnation, and, finally, with unagina- 
tlon — through this, I am persuaded, are to be disclosed many 
facts which will throw into fresh perspective, and thereby 
invest with heightened interest and greater intelligibility, 
facts in other branches of intellectual history which, lacking 
such perspective, sometimes appear dull, unrelated, and more 
or ires incomprchonaible. 

I do not mean to iihply that this form of the historiography 
of ideas is as yet non-existent, some excellent examples of it, 
or at least approximations to it, have long been in our hbraries, 
and numerous scholars in different quarters are now contnbut- 
ing to it. But if it IS not in its infancy, it is still, I think, 
barely in its adolescence, and its methods, its requirements, 
Its aims, and its interest, are less generally understood than 
could be desired. Its program, you wUI observe, is one of both 
isolation and synthesu — the provisional isolation of an idea 
for separate study, but the biuguig together, for that study, 
of material from all the historical provinces into which the 
idea has penetrated. 

3. Finally, from ail that has been so far said, one con- 
clusion seems to me to emerge almost too plainly to require 
statement. It is that m almoet all of the branches of histon- 
ography which deal with the history of men's thoughts or 
opimons, and the affective attitudee and behavior associated 
with these, there is imperative need of more definite, re- 
sponsible, organised collaboration between specialists in these 
several branches than has hitherto been customary — collab- 
oration too. In some coses, between histonans and specialists 
In Don-histonoal disciplines, notably the natural sciences 
Trustworthy historical synthesis is not a one-man job. If 
the pieces that are to be put together — even for the under- 
standing of one part of one subject — are to be sound pieces. 
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they must be provided, or &t leut be critically Inspected, by 
those having special traixung and up-to-date technical knowl- 
edge m the fields to which the pieces primarily belong. And 
by codperation I do not mean the sort of thing exemplified by 
t^ Cambndge Modem Hiatory and History oj English Lilera- 
jure, admirable and useful as those great works are. What I 
have in mind la not simply the parcelling-out of the sub- 
divisions of a large subject among specialists in those sub- 
divisions; it IS the convergence upon each of them of all the 
special knowledge from all of these subdivisions which is 
genuinely pertinent to it. The indispensability of such 
coAperation is especially evident if we consider possible large 
enterprises at scholarship which now wait to be undertaken. 
I will briefly mention only two such enterprises, of different 
types and scales of magnitude, and in quite dissimilar prov- 
inces, either of which might well be sponsored by a great 
learned society or a great university. The first is a book of 
annotations on Paradue Lost and of studies on special his- 
torical and literary aspects of that poem. Such books were 
fairly frequent in the eighteenth century, thou^ usually 
very badly done. 1 am unable to discover, through some 
bibliographiral search and inquuies of English scholars, that 
there exists any modem work of this character, bringing 
together all the knowledge needed for placing that great 
English classic in its historical relations, and for the adequate 
illumination of the ideas which it contaLns. And the reason, 
no doubt, is that such a work oaimot now decently be done 
by one man, unaided, it needs, as what I have earlier said 
implies, the coAperation not only of a number of specialists 
in English, but also of a classical scholar, a patristic schdar, 
a medievalist, a philosopher, a student of rabbinical and other 
Jewidi literature, a theol<^ian versed in early Protestant 
divinity, special students both of French and Italian literature 
of the sixteenth and seventeenth centuries, and a historian of 
science especially at home m early modem astronomy. I do 
not, once more, mean to imjdy tlurt no studies In then Adds, 
pertinent to Milton, as yet eiiart. Much valuable wimIc on 
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them has been and is being done, chiefly by Engbsh scbolani 
who have found thenuelvea compelled, in the manner already 
mentioned, to deviate into provinces not prunanly their own.' 
The task to which I am referring would consist in part m 
luinging together in a connected and synoptic way the results 
of these previous studies now scattered through many scores 
of monographs, books, and articles. But those stupes are, 
as a rule, sound and dependable precisely in the degree in 
which the English specialists have been able to obtain col- 
laboration and criticism from specialists of thorough com- 
petence in the other provuces in question , some of them would 
be of more value if considerably more such codperation could 
have been had by their authors; and in any case, much further 
research is needed in some of these collateral fields, as well as a 
better correlation and cross-itluinination between them. If 
such a piece of work could be cooperatively earned out, there 
could be focuseed upon Milton's text a mass of facts which 
would, we may be confident, throw many parts of it mto 
freeh perspectives of great and of diverse interest. 

To turn to the history of (primarily) scientific conceptions . 
there as yet exists, so far as I know, no historically and 
philosophically respectable account of the total development 
of the idea of evolution before Darwin — using the term in its 
broadw sense to include not only the theory of the trans- 
formation of spedea, but also developmental conceptions in 
astronomy, geology, anthropology, social philosophy, cosmol- 
ogy and theology, and the influence of all of these in other 
provinces thought.' Uistorioally, the various phases of 

■ FourtartlieriMaitaBinplaRaf thla my bogivea Mr HsHiF FletoWi 
UOtnft Btwim (1930); Mia KslUm E HwtwsU’i Mitbm and 

faaUsWiM (1939), both of wfalsh aonrliictiicly demaeitnto tb* ralennoa ud 
hiUiwt, For (be ■todaat of MiUon, of luefa aeundoiu Into other bnnshee at 
teuataMi, tb( eoOpentlTC antarpitae of ■ gniup of reholen et tho Dnlvmty at 
North Cknlias, n«»l«r the leedenhip at Puifr—ir D T Ilaliiiee, who, In older to 
oontribute to the deanlUve olerinaetlaa at one Importut queoUon eono«iilii| the 
bSofcirDiBd tod eonraei of FiradiM inti, end MUton'i way of lulng hie tounea, 
hsM WMleitafcea s esnhilly doenewnted bioemphy of Du Bortu tad • erttloel 
adltian of in gmutmi end the erork of IV ofanor Q C. OolBn on the ■ema aub- 
Jael (Jraea’s VmtfDa BmtcM, 1984). 

* fliihafentlellT IIwttt* t'~*~ “* ~r l>y Prnfwir P T aorahln Inhia 

moouinaolalAorlW and CtUtyral D t aa ma , II, 871 (publlahad afauie thla pepw na 
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the proRreoa of what may be called the genetic way of think- 
ing — which haa been a long, complex, and extremely gradual 
procesa — are closely related. The reason why there exists 
no adequate history of the process as a whole u, in part, that 
much of the ffrundkgend detuled study of sources still re- 
mains to be done, but the task, in any case, can scarcely be 
executed properly by any ono scholar. For it requires a 
competent acquaintance with many special fields — not only 
with the several natural sciences mentioned, and with the 
history of particular subdivisions of these — in biology, for 
example, of taxonomy, comparative anatomy, paleontology, 
embryology and genetics — but also with an extremely wide 
range of the philosophical, theological and general literature 
of the seventeenth, eighteenth, and early nineteenth centunes, 
and with the history of ideas about history and its general 
movement A part of the story, for example, can be venfied 
only through a thorough study of the works of Leibnis, and 
another part demands an intimate acquaintance with the 
hlerature, the metaphymcs, and oven the aesthetic theories 
and fashions, of the German Romantic period. And all of 
these need to be illuminated from the special history of certain 
relevant individual ideas — for instance, of the principle of 
continuity and of the concept or peeudo-ooneept of 'species.' 
The thing can be done, and it could be wished that American 
scholarship would undertake it. But unless it u undertaken 
m the manner suggested, throu^ largo^cale, planned, and 
articulated coAperation, it is likely to be much more imper- 
fectly done than even the present state of knowledge In the 
numerous special fields pertinent to it would make poesible. 

It may be that the kind and measure of cooperation needed, 
at these and at many other points in the bistiMiography of 
ideas, is unat tamable. There are undeniably great obetacles 
to it, both in the organisation and traditions of moat of our 
universities, and in human nature. Natural scientists have, 

pre ai ptad), wltli mimIsI nfateiwa to the medievil put of tbt stocy "The teal 
hlstoiy of the Idea uf prufreM . ie not WTtttfn yet. Worki like J. B Bury’i 
rju Idm qf Pragnti, or MvalUe'i work, only meet eupecflelally toueh the 
prublem” 
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if I am not mutakon, roaliiod earlier than biatonana the 
neceanty for planned team-work, and have thus far developed 
it more skillfully and on a murh greater scale But m a 
number of historical disoiphnes encouraging beginnings of it 
are now discernible, Professor Nitze’s paper has presented an 
important example of thia^ The difficulty of roahamg it, 
however, is still so oonaidereLble that I have thought it perhaps 
not wholly useless to take this occasion to emphasise its 
necessity m the present phase of that large business which is 
the endeavor to mvestigate the history, and thereby, it may 
be hoped, to understand better the nature, of the workings 
of the human mmd. 
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Dimtor, Cinigfifl Flndoimiant lur Internitioiul IVare 

I HAVE been devoting myeelf emce the World War to (he 
problemn of international peace. I sometimea think of myself 
in that regard aa an academic war casualty , but I have been 
carrying on in the hope that this problem can be reduced to 
something like usable terms If you wdl permit me, in a few 
minutes -because I shall not keep you long — I should like 
to summanse the main points that underlie my work of these 
last years 

First of all I should say that os a histonan I have received 
almost no help from historians in the study of war in history. 
War os a technique has its record, but war as an instrument of 
policy is a subject that has not been properly studied by 
those who analyse the processes by which civilisation has 
moved along. In the protest of this post-war generation 
there has been a natural and perhaps inevitable tendency to 
turn against war as an institution, deny its legitimacy in the 
post, present, and future, llus is utterly unsound from 
the historical point of view, for war has served two kinds of 
purposes. If it has been the instrument of anarchy and 
despotism, it also has been the ono instrument by which pro- 
test or defence could be made successful against anarchy and 
despotism. It is still today the one action of police agauist 
anarchy and despotism menacing the world m certain quarters. 

The complications that confront one when one deals with 
the problems of international peace have never been squarely 
faced by the social scientists and historians. I have tried to 
furnish some of the material upon which what I would regard 
as sounder conclusions might be drawn. Ixt mo say that ss 
I look over the rAle that war has played I am conscious of the 

* Dimur uUraa, April 24, 1937 
mocBODiM or tbs Avniriir ruiLOaornirAL bocutt, 

VOL. 78, ira, 4, itiaOB, U38 548 
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fact that the society of the past, In which it was a prime agent 
both for destruction and for progress, has been a society baaed 
upon a repetitive system of life and society. Men had to do 
the same thing over and over again, generation after genera- 
tion, age after age, in a limited environment created by band 
labor The iron mould of custom was therefore broken now 
and again by war. Hut the clue to peace m the modern world 
is science — science which has brought us that change which 
makes life no longer a mere prisoner of routine and repetition, 
science which takes the world's 'work out of the hand and 
moves it over through the brain to the materials which we have 
at our disposal. So in this revohitiunary moment in the 
long processes of the centuries we are now faced with the fact 
that the technique of war is no longer in the same setting in 
relation to the techmque of peace as it was in the days of 
Julius Caesar. 

Trying to bod down the elements or phenomena of the 
World War to understandable size to maike it usable, it is 
pretty well summarised in this simple aphorism, that war was 
no longer a pertinent instrument of policy, because it was no 
longer controllable, directable, among highly developed iudus- 
Irialised countries. The total military history of the World 
War could be narrowed down to this, that it was a war of 
blockade. The battles on the front, the movement of troops 
under the direction of general staffs, provided little chance for 
either side, but the exhaustion of materials meant disaster for 
that nation that could not get out of the iron ring. En^and 
at the start began with the idea it omild bring war back to the 
old techniques, and it hung out the sign, “Business as usual.” 
But Rathenau over in Berlm came to the War Ministry with 
the suggestion that he be placed in control of raw materials, 
or at least that someone be, and the War Material Department 
of the War Ministry then saw the begumlngnf mobilisation of 
the industrial world for war. In the course of the war every 
other nation followed that lead, and at the end the exhausted 
nation lost; but it lost only after the totalitarian effort of 
nation against nation. Where was the direction of the plans 
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of the general etaff, and what waa the direction of the victory? 
The two do not coincide. 

Hie problem of war has changed as a procedure, and I 
venture to maintain that most of its mechamem, valid in a 
different day, is no longer valid And if it is no longer valid, 
and war la no longer, as Clauaewits called it, the continuation 
of policy, then there can be no doubt in the mind of any 
civilised man that it ie a crime when waged between civilised 
nationa. I am ready to admit that war between high-grade 
sodetiea and low-grade eocietiea may be directed strategically, 
as well as between low-grade societies and in theee cases we 
have to have other controls and other devices (or achieving 
our ends — those of peace. But I am speaking now of the 
wars in which the United States conceivably might become 
involved. 

If it is in the nature of war that we must, therefore, turn to 
other techniques, we cannot turn to them by an Eighteenth 
Amendment, simply saying war must not be; because war is 
not like crime or vice, a thing that has been wholly wrong and 
has always been recognised as wholly wrong. There may be 
those of ua here who think it wholly wrong, but the nation as a 
whole will not sbore that view. When the queetions of 
national prestige, national honor and the like are rung m their 
ears, old history, babita and attitudes come back to ua from 
the hiatoric past and control our actions in the lime of crisis. 
So it is necessary that we have something which will function 
before the crisis, something that can be counted upon with 
relative confidence to function with pertinence to the end 
before us. And that is the kind of thinking that we as a 
people have eteadily refueed to do Instead, we mobilise our 
emotions in support of moral attitudes and then Imagine that 
our actions in the crisis will fdlow the moral hne instead of 
what we think of then as the immoral. But, we cannot bo 
counted upon to have stable moral attitudes until we have had 
a longer experience in the arts and procedures of peace itself. 

And, now, where have these been experimented upon? 
Primarily in the League of Nations, of course. Do not be 
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alarmed, I am not goinit to try at thu lato hour to bnng ua 
back into the League, although I ahould be glad to do so if I 
could. But aa an expenment, aa a laboratory, there hoa been 
something there of which we ahould learn. War haa to be 
met primarily by two devices, fint, by anme device that wlU 
give security for law and order in the world, calculable pros- 
perity, and the like The problem of security is one that, 
naturally, we aa Americans have never thought throu^ 
because we have it naturally, from nature itaelf. Security 
that la artificial, that is political, lies beyond the immediate 
necessities of our thinking. But the TiCague of Nations in the 
years following the War made security the key to its policy, 
I mean the nations in the League. And let me say that Ger- 
many and Austria and Hungary were just aa anxious in those 
years for the status quo, as over against a possible breaking of 
the bamers of war upon Europe, as was France or England. 
It was a penod when status quo and peace were more impor- 
tant than anything else to all the nations concerned. 

But such policies will never keep back war for more than a 
period You have got to have mochmery for pacific means as 
well, not simply for the settlement of disputes, but to keep pace 
with change, with the changing situations that are bound to 
onse with great rapidity in a scientific world. Provision must 
be made for international adjustment to changing conditions. 
Now, the League of Nations has failed so far to find adequate 
machmery for peaceful change, but its Committee on Intel- 
lectual Cooperation has organised a study conference in which 
the problems connected with peaceful change are taken up. 
I know of no other way to approach the problems than by 
research. We have to lay the foundations of a new problem. 
We have been at it now for the last two yean. Let me pause 
to say that the name, Committee of Intellectual Cooperation, 
is a translation from the French, and “ intellectual’’ is not 
an msult in French. We have been working for two whole 
years on raw materials, cidonies, and the technique that is 
pertinent to each and every one of the questions likely to 
come up in the immediate future I don’t know whether we 
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have made proKrew, none of us know, T wish wr did All we 
know ie that we have probed into fiillaries in popular thinkmR 
not only here but in Europe, and that our diacussiuni) and the 
results of our research will be placed before students for 
further analysis not only in the universities and rollrRcs but 
generally through our pubbcations. All that wc can do ih to 
ask that our generation addross itself to consider such meas- 
ure of advance as we have made, and that then if wc are 
wrong, they right it, and if we are right, they build upon it 
That has always been the method of the progress of knowledge 
In this connection I should like to add a word of praise 
for the conference that has just been held in Washington by 
the Inlemational Labor Organisation, on the textile problem, 
one of the most difficult international problems m the world 
today. The International Ijihor Organisation has in that, 
and m the Maritime Conference of laat October, discovered a 
techmque for solving some of the most serious international 
difflrulties. It has drawn together representatives of labor, 
capital, and government m the specific industries concerned 
in an mtemational conference. And as I sat there in Geneva 
lost October and heard the seamen and the ship-owners 
discuss with the Board of Trade and our Commerce De- 
partment the problems that lay before them when they put 
three shifts on the ships, to get an eight-hour day, and as 
I saw the interplay of capital and labor, and heard the debates 
by those who knew what they were talking about because 
their lives were spent in it, I had a very different impresdon 
from listening to certain political gatherings in certain capitals 
by those who are representatives of great peoples making laws 
about things of which they know little 

We have, therefore, a specific. technique that is being 
worked out without any front-page news for the newspapers, 
but reaching into the heart of the controversies in the field of 
economics; and I hope that that same device will soon bo 
taken up in finance, in trade, commerce, and the whole 
economie sphere. 
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And then I should say that 1 look forward to some kind 
of a league of nations that would have nations in it devoting 
tbemselves to economic problems, without neoessarily be- 
coming members of a diplomatic corps or a diplomatic 
conference, and members of a diplomatic conference that need 
not become members of the other, — autonomous houses 
directing their energies upon the specific solution of specific 
difficulties. That is the only way we can approach the 
fundamental cause of war, which ‘cause is not economics but is 
prestige. We must take the problems out of the sphere of 
emotion We must bnng them to their reallUes in their own 
terms, and then there is little left for that kind of hot political 
debate which is never on the subject matter itself, but is what 
you or 1 ♦hitik about each other, instead of what we both 
thinlc about it. That is what war is fought over, That is 
what they debated in those fateful days in the Austio- 
Hunganan Cabinet when they decided to go to war. It was 
prestige. That was what made Germany come to Austria’s 
aid — a world war for prestige. 

Colonies wd raw materials are not one problem in the 
world today, although they are given out as one by one great 
nation. They ore entirely separate and soluble entirely on 
different terms. They must be approached in those terms. 
Such analysis is the exercise of intelligence. There is a place 
in the world for intelligence. The day is coming when 
science will pass from engineering to statecraft. It has just 
begun to tear down the old local frontiers of our loyalties to 
ancient things and is now cresting truer loyalties to ounelvee 
and our State by^maldng them part and parcel of a great 
world problem. 

I dose by suggesting to you that a body such as this 
cherish the kind of tradition and attitude yhieh is necessary 
if the world should hwlile permanent peace. 
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Amnun 

It hu been ofanrvMl tbit the flnt pe^ of e Ubia of oommon lo||Ultbini 
■hini iDora wear tbao do the laet page*, tndii'etlng that mne wed niunbere begin 
with tbe dudt 1 tbao with the dlidt 9 A cmnpIlBtlnn of Dome 30,000 flnt digita 
taken from widely dlvetfent aonreee ebowa that them w a luganthi^ dnttrihutfon 
of find dIgIta whan tbe mimbem are oampoaed of tour or inure dlgita An analyna 
at the BUinben from different aouroM abowe that the nunihere taken from unm- 
lated'iubjeota, anch aa a group of nampaper itema, ahow a mueh better agreement 
with a loorilbinlo dlitrlbiitlan than do niunbere from matbematlcal tabulatloni 
or other formal data. Them la here the peniliar fart that numbeii that Indi- 
vidually are without mlaUonahlp ale, when cnnaldered In large groupi. In guod 
agreenient with a diatrlbutkm lew — hence the name “ AnomaloijB Numben." 

A (uiibor analyela of the data abowe a atrong tendency far bodka of numrikal 
data to fall Into geometric naiea. If the asiea la made op of numbera containing 
three or more digita the BntdIgiU form a logarlthnuuaenea. If the numben ron- 
taln only single dlglte the gnometrki lelatioa atlU bolde but tbe aunple logarllhmlD 
relation no longer appUea 

An aquation la ^ven ahowlng tba frequanda of flret digita In tbe different 
orders of numban 1 to 10, 10 to lOO, ete. 

The equation alao gives tba frequenoy of dlgils In tbe eecond, third place 
of a mulU-dlglt number, and it It ihown that the mm law appUea to leolprocali. 

Then) an many Inetanrae showing that the grometrlr aorta, or the l^rtth- 
mla hw, has kmg hm reoognliad as a oommon phenomenon In factual lUeritun 
and In the otdlnaiy affaln cf life, lliewimnigr and drill of the merhanle, 

the megnltnde scale of the aatrononier and the aeneory leipome curvea of tbe 
p^nbokglat an all partloular omn p l iw of a relatlooahlp that aooma to extend to 
aU human affaln. Tbe law of Anomaloa Numben h thua a generd probability 
law of wMeapread applhstkm. 

Pditr I: Statistical Dibivation of thx Law 

It has been observed that tbe paRes ol a much used table 
of oommon logarithms show evidences of a selective use of 
the natural numbers. The pages oontaliiing the logarithms 
of the low numbws 1 and 2 are apt to be more stained and 
frayed by use than those of the higher numbers 8 and Q. Of 

ru u c' WM nne or rna aimrair rsuoeorinatL aocurr, 

voL. 78, KO, 4, lUioa, ISU DBl 
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course, no one could be expected to be greatly interested in 
the condition of a table of logarithms, but the matter may be 
considered more worthy of study when wo recall that the table 
is used m the building up of our scientific, engineering, and 
general factual literature There may be, in the relative 
cleanliness of the pages of a logarithm table, data on how we 
think and how wo react when dealing with things that can be 
desenbed by means of numbers. 

Melkodt and Terms 

Before presenting the data collected while investigating the 
possible existence of a distnbution law that applies to numer- 
ical data m general, and to random data in particular, it may 
be well to define a few terms and outline the method of attack. 

First, a distinction is made between a digit, whi(‘h is one 
of the nine natural numbers 1, 2, 3, ■ ■ 0, and a nunlber, 
which IS composed of one or more digits, and which may con- 
tain a 0 as a digit in any position after the first. The method 
of study consists of selecting any tabulation of data that is not 
too restricted in numerical range, or conditioned in some way 
too sharply, and making a count of the number of times the 
natural numbers I, 2, 3, • • • 9 occur as first digits. If a 
decimal point or zero occurs before the first natural number it 
is ignored, for no attention is to be paid to magmtude other 
than that indicated by the first digit. 

The Imw of Large lumbers 

An effort was made to collect data from as many fields as 
possible and to include a variety of widely different types. 
The types range from purely random numbers that have no 
relation other than appearing withm the coveis of the some 
magaune, to formal mathematical tabulations that admit of 
no variation from fixed laws. Between these limits one will 
recognise various degrees of randomness, and in general the 
title of each line of data in Table I will suggest the nature of 
the source. In every group the count was continuous from 
the beguming to the end, or in the cose of long tabulations, to 
a sufficient number of obeervations to insure a fair average. 
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The niimbera counted in each group ia given m the laat column 
of Table I. 


TABLE 1 


PuriNTAai or Timih the NATiriuL Ntmiiw 1 to 9 au Uied ab Fiut 
Diom iw Ni MBCus AB DaTBBinMBD BT 20,230 Objubvationb 







Rut DWi 






Tltb 










C'lFinl 

1 

X 

a 

a 

1 

A 

A 

7 

A 

9 



A 

RJvrr*, Am 

31 0 

10 4 

10 7 

iia 

73 

80 

sr> 

42 

A 1 

335 

U 

PopulAtlon 

339 

301 

ua 

H I 

72 

02 

4 1 

37 

33 

3269 

C 

('onfrianU 

H3 

111 

18 

86 

106 

38 

BO 

29 

10 6 

104 

11 

N0wipap«ni 

300 

1 

120 

100 

80 

00 

no 

AO 

50 

100 

E 

Bpcr UcAt 

210 

1 

16 3 

116 

im 

4 1 

3‘i 

48 

4 1 

1389 

F 

Prvrvnire 

390 

1 i 

12 8 

Oft 

S3 

64 

57 

14 

BU 

703 

u 

HI* lAIBt 

300 

1 

11 0 

JO 8 


70 

A 1 

5 1 

kD 

600 

n 

Mnl W(t 

207 

202 

151 

108 


A 1 

1 1 

38 

in 

1800 

r 

DnliusB 

271 

239 

13 8 

120 


so 

50 

25 

1 9 

150 

j 

AtftmlrWgi. 

17 2 

ia7 

55 

11 

80 

4.1 

33 

44 

65 

91 

K 

a Va, 

2A7 

203 

87 

OR 

66 

08 

72 

KD 

80 

5000 

L 

nsalRn 

208 

HA 

113 

76 

ED 

HI 

■xa 

73 

50 


M 

IhgrU 

33.4 

18 3 

131 

78 

71 

05 

53 

49 

42 

308 

N 

CoBt Data 

324 

18 8 

101 

inn 

ED 

53 

17 

55 

3 1 

741 

0 

X-Ray Vullji 

279 

17 3 

114 

90 

8 1 

71 

51 

58 

48 

707 

P 

Am LiMSiie 

337 

17 0 

laa 

B8 

71 

01 

19 

50 

80 

H5H 

q 

HlarlrBody 

31 0 

17 3 

H 1 

87 

66 

70 

53 

47 

34 

1105 

R 

Add rami 

289 

193 

13 0 

88 

HTfil 

04 

56 

50 

60 

342 

H 

al 

233 

10 0 

13 0 

100 


88 

08 

71 

05 

900 

T 

DralhRata 

270 

ISO 

15 7 

94 

07 

06 

72 

48 

4 1 

418 

Average 

306 

1H.5 

131 

91 

80 

61 

3 1 

4 D 

47 


Probsbifi Rrror 

±0H 

±04 

^1 

±0 3 

m 


±0 3 

±a2 




At the foot of each column of Table I the average per- 
centage IB given for each first digit, and also the probable 
error of the average. These averages can be better sludjgitf' 
if the decimal point la moved two places to the left, ip^ucing 
the sum of all the averages unity. The frequency lijf first t's 
IS then seen to be 0.306, which is about equal to )i,he common 
logarithm of 2. The frequency of first 2’b ib ^185, which is 
slightly greater than the logarithm of 3/2. /The difference 
here, log 3 - log 2, is called the loganthmlc/integral. These 
resemblances persist throughout, and finelj^Jr there is 0 047 to 
be compared with log 10/0, or 0.046. /' 
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The frequency of first digits thus follows closely the 
logarithmic relation 

( 1 ) 

where F, is the frequency of the digit a m the first place of 
used numbers. 

TABIJC II 

OBOBvan «Mi> ConniTBD F'aigi'BMnn 


Natanl 

Nunlwr 

VumbOT 

InUnral 

(Mm I ■mJ 
tnqutMf 

LaVJ^Uin 

IntaTwal 

Campubi) 

Pmb Emtf 
at Mma 

1 

1 I<i3 

oacs 

oaoi 

+OOOB 

±0006 

3 

ato3 

OISfi 

ai7e 

+0 009 

±0004 

a 

aio4 

0 124 

oian 

iTnTH 

±0004 

4 

4 tu 6 

0094 

0097 


±0008 

a 

to 0 

aoeo 

ao7o 


±0003 

s 

8to7 

00B4 

0067 


±0 003 

7 

7toS 

ooat 

DOSS 


±0003 

8 

8 to e 

0 040 

aoai 

-coca 

±0 003 

9 

9 to 10 

a047 

ao4e 

+0.001 

±0008 


There is a qualification to be noted immediately, for 
Table I was compiled from numbers composed in general of 
four, five and six digits. It will be shown later that Eq. (1) 
Is a distribution law for large numbers, and there is a mure 
general equation that apphee when considering numbers of 
one, two ■ ' ■ algmficant digits. 

If we may aasume the accuracy of £q. (1), we then have a 
probability law of the most general ilature, for it is a probabil- 
ity derived from "events” through the medium of their de- 
scriptive numbers, it is not a law of numbers in themselves. 
Tbq range of subjects studied and tabulated was as wide as 
time bstd energy permitted; and as no definite exceptions have 
ew beelV^beerved among true variables, the logarithmic 
law for Iw^ numbers evidently goes deeper among the roots 
of primal eau^ 'than our number system unaided can explain. 

of D%git» mthegtii Poiition 

The seoohd-p&ice digits are ten in number, for here we 
must take 0 Into a^unt. Also, l^^nsiderlng the frequency 
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Ft of a second'place digit b we must take into account the 
digit 0 that preceded it. The logarithmic interval between 
two digita is now to be divided mto ten parta correaponding to 
the ten digita 0, 1, 2, • • 9. I.«t a be the firat digit of a num- 
ber and 6 be the aecond digit; then using the customary mean- 
ing of pontion and order in our decimal system a two-digit 
number la written ab, and the next greater number is written 
o6 -1- 1. 

The logarithmic interval between ab and oh -f- 1 is 
log (ob -f- 1) - log ab, while the interval covered by the ten 
poeaible aecond-place digits is log (a -I- I) — logs. There- 
fore the frequency Ft of a second-place digit b following a 
first-place digit a is 

Ft-log(5yii)/log^. (2) 

Aa an example, the probability Ft of a 0 following a first-place 
6 in a random number is the quotient 


It follows that the probability for a digit in the 9th position is 


Ft 


log 

log 


obc ••• P (g + 1) 

- L'J Pg 
abe •• o (p + 1) 

abe •• p 


(3) 


Here the frequency of g depends upon all the digits that 
precede it, but when all possible combinations of these digits 
are taken into account F, approaches equality for all the digits 
0, 1, 2, • ■ ■ 9, or 

F, * 0.1. (4) 

As a result of this approach to uniformity in the gth place 
the distribution of digita In all places in an extensive tabula- 
tion of multi-digit numbers wiU be also neariy uniform. 
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TABLE III 

FBBQrcNt'T or Uiain m Kimr aro Bw-ond Plaobi 


DUi 

nm Fliu« 

Bfwwxl PUm 

0 

0000 

0 130 

i 

OAOi 

0.114 

2 

ai76 

0 lOB 

3 

ai25 

0.1M 

4 

0 007 

OlOO 

S 

0 070 

0097 

a 

0087 

0 003 

7 

ooas 

0.000 

B 

OOSl 

aosR 

e. 

0048 

aoso 


Reaproeuli 

Sorno labulatioQB of enginernng and srientific data are 
Kiven ID reciprocal form, such aa candlea per watt, and watte 
per candle. If one form of tabulation follows a logarithmic 
distribution, then the reciprocal tabulation will also have the 
same distribution, A little consideration will show that this 
must follow for dividing unity by a given set of numbers by 
means of loganthms leads to identical loganthms with merely 
a negative sign prefixed 

TJie Law of Arumaloiu Nwnbtrs 

A study of the items of Table I shows a distinct tendency 
for those of a random nature to agree better with the loganth- 
mic law than those of a formal or lAathematical nature. The 
best agreement was found in the arable numbers (not spelled 
out) of consecutive front page news items of a newspaper. 
Dates were barred as not being vonable, and the omission of 
spelled-out numbers restnoted the counted digits to numbers 
10 and over. The first 342 street addresses given in the cur- 
rent American Men of Science (Item R, Table IV} gave excel- 
lent agreement, and a complete count (except for dates and 
page numbers) of on issue of the Readers’ Digeat was also in 
agreement. 

On the other hand, the greatest variationB from the 
logarithmie relation were found in the first digits of mathe- 
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matical tablea from engmeering handbnoka, and in tabulationa 
of such closely knit data as Molecular Weights, SpeciAc Heats, 
Physical Constants and Atomic Weights. 


TABLE rv 

SulfHATioN or DimuMLSi aerwun Oamavas and TusoumcAL 
FuQusNcns 


1 

i 

Nature 

I 

1 

f 

Nftttii* 

ii 

1 

1 

Newspaper Iteuui 

2B 

: 

u 

CoHt I>atA, Concrato 

12 4 

2 

1 

Fraamire loil, Air Klow 

32 



a' n*. a] 

13 8 

a 

1 

H P TxMt (n Air i'low 

48 

3 


Dmukd Data (Ipiieialora 

me 

4 

A 

Streot Addrasmi, A Mil 

54 

3 


Population, U 8 A 

IBB 

ft 


Am I^eogiw, IBM 

fl6 


■ 

Drainafia Hate of Riven 

21 B 

6 

J 

fiUck Body Radlotkm 

72 



a“*, Vn 

22Ji 

7 

! 

X-lUy Vollaipi 

74 

3 


Molecular Wgtii. 

282 

8 

T 

Rtadrrt' 

84 



Spoelflo Heate 

242 

a 

5 

Area Riven 

9a 

ij 

3 

l^yvical Conatants 

34B 

10 

T 

Death Ratee 

U2 

li 

1 

Atomic Wcdjchtti 

364 


These facta lead to the conclusion that the logaritbinic law 
applies particularly to those outlaw numbers that are without 
known relationship rather than to those that individually 
follow an orderly course, and therefore the loganihinic relation 
is essentially a Law of Anomalous Numbers. 

Pabt II. Gkombtbic Basis or the Law 

The data so far considered have been composed entirely of 
used numbers, that is, numbers as they are used in everyday 
affairs. There must be some underlying causes that distort 
what we call the "natural” number system into a loganthmic 
distribution, and perhaps wc can beat get at these causes by 
first examining bnefly the frequency of the natural numbers 
themselves when arranged in the infinite arithmetic series 
1, 2, 3, ■ ■ ■ n, where n is as large as any number encountered 
in use. 

Let us assume that each individual number in the natural 
number system up to n is used exactly as often as every other 
Individual number. Starting with I, and counting up to 
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10,000, for example, 1 would have been used 1,112 timee, or 
11.12 per cent of all uaca. If the count is extended to 19,000 
there are 0,090 l‘s added, and first I’a occur in 65JS5 per cent 
of the 10,090 nu m bers. When number 20,000 ia reached 
there le a temporary stopping of the addition of first I'a 
and 00,000 of the other digits are added to the senes before 

rftEqtxNCY 

rmsr RLAoe o/otrs 

9 033£/*Y£0 



Fra, 1 ComporlBOB of obiervod and computed frequABoiia for mulU<dlclt 
numbore. 

I’s are again brought into the aeries at 100,000. At this point 
the percentage of I’a is again reduoed to 11.112 per cent as 
illustrated In curve A of Fig. 2. This curve ia P% and log n 
plotted to a semiJogarithmic scale. If the equations for A 
are wntten for the three discontmuoua but connected sections 
10,000-20,000, 20,000-00,099 and 00,090-100,000 the area 
under the curve will be very closely 0.30103, where the entire 
area of the frame of coordinates has an area 1. But an int^ 
gration by the methods of the calculus ia merely a quick way 
of adding up an infimte number of tgpuMy spaced ordinates to 
the curve and from this addition finding the average height of 
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the ordinates and henoe the area under the curve. But if we 
are satisfied with a result somewhat short of the perfection of 
the integral calculus we may take a finite number of equally 
spaced ordinates and hy plain arithmetic come to practically 
the same answer. By definition each point of A represents 


LM£AR FlR£qU£Na£S 
FROM JQOOO TO nqOOO 
iZ3*se7a9jo 



Fio. a Umr riequuirla of Uu nstural Dumbo' qritem btween 10,000 and 
100,000 

the frequency of first I’s from 1 up to that point, and an inte- 
gration (by calculus or arithmetic) under curve A gives the 
anetragt frequency of first I’s up to 100,000. The finite number 
otHTesponding to equally spaced ordinatea now represents a 
geometric series of numbers from 10,000 to 100, OQO, and it is 
substantially this series of numbers, m this and other orders of 
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the natural number scale (hat lead to the nuroerinal frequen- 
cies already presented 

Curve B of Fif(- 2 is for 9 as a first digit. The frequency 
of 9 'h deereases in the number range from 10,000 to 80,000 and 
then increases as O's are addf»l from 90,000 to 09,906, and an 
integration under curve B leads to a good numerical approxi- 
mation to the loganthnuc interval log 10 — log 9, as colled for 
by the previous statistical study. 

Geometnc and lAtgariihmxc Renett 

The close relationship of a genmctno senes and a Inganth- 
mic senes is easily seen and hardly needs formal demonstration. 
The uniformly spaced ordinates of Fig 2 form a geometric 
senes of numbers for these numbers have a constant factor 
between adjacent terms, and this ronstaut factor is determined 
in sise by the constant loganthnuc mrreroent. 

Semi-Log Cvrves 

A geometnc senes of numbers plotted to a semi-loganthmic 
scale gives a straight line. In the original tabulation of ob- 
served numbers the line of data marked “R” is designated 
simply as “street addresses '* These are the street addresses 
of the first 342 people mentioned iii the current Ariiencan Mm 
of Saence. The randomness of such a bst is hardly to bo de- 
puted, and it should therefore be useful for illustrative pur- 
poses 

In Fig 3 these addresses are first indicated by the height 
of the linos at the base of the diagram. The height of a lino, 
measured on the scale at the loft, indicates the number of 
addressee at, or near, that street number. Thus there were 
five addresses at No. 29 on various streets. In order to make 
the trend clearer, the heights of these lines were summed, be- 
guming at the left and proceeding across to the right. It was 
found that four straight hnos could be drawn among these 
summation points with fair fidelity of trend, and these four 
bnes represent four geometric senes, each with a different 
factor between terms. Each line will give the observed fre- 
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quency over tho niunencal range it covers, and hence satuBos 
the loganthmiR relationship 

The Natural Numbers and Nature’s Numbers 

In natural events and in events of which man considers 
himself an originator there are plenty of examples of geometric 
or logarithmic progressions. We are so accustomed to labeling 
thinge 1, 2, 3, 4, • and then saying they are in natural order 
that the idea of 1, 2, 4, 8, being a more natural arrange- 
ment IS not easily accepted. Yet it is in this latter manner 
that a surprisingly large number of phenomena occur, and tho 
evidence for this is avaJable to everyone. 

First, let us consider the physiological and psychological 
reaction to external stimuli. 

The growth of the sensation of brightness with increasing 
illumination is a loganthmic function, as illustrated by 
Fechner's Law The growth of sensation is slow at first 
while the rods of the retina are alone responsive, and a straight 
line on semi-logarithmic paper (the stimulus being on the 
logarithmic scale) can represent the intensity-brightness func- 
tion in this region. When the cones come into action there 
18 a sharp change in the rate of growth, and another straight 
line represents our working range of vision. When over-exci- 
tation and fatigue set in, a third line is needed, and thus three 
geometno aeries could be used to state the relation between 
illumination and the sensation of brightness. If the litera- 
ture contained sufficient numerical references, the brightness 
function should give an extremely close approximation of the 
logarithnuc law of distnbution. 

The sense of loudness follows the same rules, as does the 
sense of weight, end perhaps the some laws operate to make 
the sense of elapsed time seem so dilTerent at ages ten and fifty. 

Our music scales are irregular geometric series that repeat 
rigidly every octave. 

In the field of medicine, the response of the body to medi- 
cine or radiation is often logarithmic, as are the killing curves 
under toxins and radiation. 



THE LAW or AXOStAI.OrS NVMBEBS 663 

In the mechanical aria, where standard sites have arisen 
from yean of practical experience, the final results are often 
Keometnc senes, as witness our standards of wire diameters 
and drill siies, and the Issued lists of ''prerenod numbers ’’ 

The astronomer lists stars on a geometnc brightness scale 
that multiplies by 100 every five steps and the illuminating 
engineer adopts the same type of aeries in choosing the wattage 
of incandescent lamps. 

In the field of experimental atomic physics, where the 
results represent what occurs among groups of the building 
units of nature, and where the umt itself is known only by 
mass action, the tost data are statist ical averages. The action 
of a single atom or electron is a random and unpredictable 
event, and a statistical average of a group of such events 
would show a statistical relationship to the results and laws 
here presented. That this is so is evidenced by the frequent 
use made of semi-log paper in plotting the test data, and the 
test points often fall on one or more straight lines The 
analogy is complete, and one is tempted to think that the 1 , 2, 
3, . . . scale is not the natural scale, but that, invoking (he 
base s of the natural logarithms, Nalun counts 

«», e*, «*•, e*-, ••• 

and builds and functions accordingly. 

Part III. Dioital Orders of Numbers 

The natural number system is an array of numbers in 
simple arithmetic senes, but on top of this we have imposed 
an idea token from a geometric series. Numbers composed 
of many digits are ordinarily separated into groups of three 
digits by interposing commas, and hero we unknowingly give 
evidence of the use of these numbers on a geometric scale. 

For convenience of description the natural numbers 1 to 10 
ore called the first digital order numben, those from 10 to 100 
the second digital order, etc. It will be noted that 10 is both 
the last number of the first order and the first number of the 
second order, and when an iot^ration is earned out, as will 
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be done later, 10 appears as both an upper and a lower limit, 
and it 18 thus uned in this case as a boundary line rather than 
a unit sone in the natural number system. 

In Fig. 4 the curves show the frequency with which the 
natural numbers occur in the Natural Number System, begin- 
ning at the left edge, where 1 is the only number, its frequency 
IB 1; that IS, until a second number is added 1 is the entire 
number system. When 2 is reached the frequency is 0.60 for I 


UNtAK rBc^ucuaea or the natural NumcRS mtuoo 



and 0.50 for 2 At S, for example, the frequency for each of the 
first 6 digits is 0.2(!V and the equal division continues until 0 is 
reached. At 10, the digit i has appeared twice and has a 
frequency of 0.20 against 0.10 for each of the other eight 
digits that have appeared but once. 

It will be observed that the curve rising from 0 on the scale 
of abscissn is for only the digit 1, while the curve continuing 
downward from 0 is for the digits 2 to 0 inclusive. At 19 the 
frequency curve for 2 rises to join the curve for 1 at 20 and 1 
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and 2 have a common curve until 99 is reached and a third 
first 1 is about to be added to the scries. At any ordinate the 
curves therefore tell the frequency of the total nurobt>r of 
natural numbers up to that point. 



Kia fi. CcMitinuom 4iid dlseoDtinuoua functions in the neighborhiKHj of the 
cUcli9 

The curves are drawn as if we were dealing with continuous 
functions in place of a discontinuous number system. The 
justification for using a continuous form is that the things we 
use the number system to represent are nearly always per- 
fectly continuous functions, and the number, say 9, given to 
any phenomenon will be used In some degree for oil the infinite 
rises of phenomena between 8 and 10 when we confine our- 
selves to single digit numbers. 
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An enlarged akclch of the linear frequency curves at the 
junction of the first and second orders is given in Fig. 6. The 
lines h-b and b-j are the computed ratios of 1 in this region, 
while the hnea 8^ for the ratio of 9 begins at 8, for as soon aa 
siie 8 is passed there is a possibility of our using a 9, while for 

Ff^C(;fU£NCV OF StNQLE Dt&TS 
/ TO 3 

+ THCORenCAL 

© OOSCRVCD FR£^£NCV OF FOOTNOrES 
iN to OOOKO EACH HAV/NO AT LEASr 
ORE PAO£ MTH T£N FOOTROrEa 
(2.063 OeSERVE!^ 



Flo e Theoratial and observed freqoeaeiee ol rinslF dIglU. 

sise 8^ the chances are about equal for calling it either S or 9. 
The summation of area under the curve 8-b-c is taken as the 
probability of using a 9 for phenomena in this region. Hus is 
about equivalent to knowing accurately the sise of all phenom- 
ena in this region and deciding to call everything between 8.6 
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and 0.6 by the number 9 Once 0 ie passed tbe curve for 1, 
b-j, begins to rise in anticipation of the phenomena between 0 
and 10 that will be called 10. 

It has been noted that for high orders of numbers the areas 
under the curves of Fig. 2 arc proportional to the frequency of 
use of the first digit. The same demonstration will now be 
made with the aid of tbe calculus in regions that are markedly 
discontinuous. 

Selecting the third digital order. Fig 4, the area under the 
1-curve can be wntten 


j «in /Km) ^iQoo 

Vidx + I ytdx + \ ytdx, (6) 

100 ..'IN •Jm 

where the ordinates of the first rising section of the curve arc 

y, (0) 


The descending section of the curve has ordinates 

111 


( 7 ) 


and the last rising section Ix'twcen 009 and 1,000 has ordinates 


V) 



(8) 


The curves are plotted to semi-loganthmic coordinates and 
X = log a, (9) 

dx ■■ da/a. (10) 

The integrals after making these substitutions give the value 

*'*• 999 ^1000 

A similar operation yields for tbe l-eurve in the necond 
digital order 
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and m the first order 




f 10 , 8 

log. -9+ 10- 


From the symmetry running through thcso solutions and 
from the solutions for the eight other first digits, we ran write 
the general equation for the I.aw of Anomalous Numbers 


Fr 


F,' 

•,<1 


ri„„ 10(2-1 0'- - 1) , 111 

[lo*. !0'-l 

f. (fl + 1) 10-- - 1 1 11[ 

I alO'-'-l lO'JiVj 


( 11 ) 


where N - log, 10 is the faetor to convert the expressions from 
the natural logarithm system, base e, to the common logarithm 
system, base 10 

If high orders of r are considered, as was unwittingly done 
m the original statistical work, these expressions simplify by 
dropping the terms — 1 in both numerator and denominator, 
and the numencal terms having 10' in the denominator be- 
come negligible. Hence the general equations become 


Ft' = log„p (12) 

F,' - log^-^, (13) 

but these two expressions no longer have a diiference m form, 
and they may be merged mto 


F.' 


logii 


a -f 1 


(14) 


which was the relationriiip onginally observed for multi-digit 
numbers. 

In Table V numerical values are given for the theoretical 
frequencies of used numbers for the first, second, third and 
limiting digital orders. 
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TABLE V 

THBoiivnrAL Fuiiiiincibii in Various Dioital (>Bniua 


Flnt Dl«it 

>ugl Older 

Hftnjcd UrdM 

Tbiftl IMln- 

IgmJlUiR Order 


1 to 10 

lots 100 

100 Ui 1000 

- 

1 

oaesiu 

081786 

030276 

030103 

2 

023760 

017830 

017838 

017008 

3 

0 133M 

012432 

012487 

012404 

4 

ooei&2 

0 08478 

008668 

0 08681 

S 

00U48 

007631 

0 07880 

007818 

A 

OOSATS 

006366 

000662 

000096 

* 

oosa'is 

Oa'H‘14 

Oa'>764 

0 06790 

s 

0014A6 

004743 

006078 

omi 16 

e 

000772 

0 04180 

004637 

0 04676 


The frequenriea of the single digits 1 to 0 vary enough from 
the frequencies of the limiting order to allow a statistical test 
if a source of digits used singly can be found The footnotes 
BO commonly used in technical hterature are an excellent 
source, consisting of units that are indicated by numbers, 
letters or symbols. 

The procedure of collecting data for the first -order numbers 
was to make a cursory examination of a volume to see if it 
contained os many as 10 footnotes to a page, for obviously 
no lest of the range 1 I o 0 could be made if the maximum 
number fell short of the full range. The numbers here re- 
corded in Table VI arc the number of footnotes observed on 
consecutive pages, begmning on page 1 and continuing to the 
end of the book, or until it seemed that a fair sample of the 
book hod been obtained. The books used were the Standard 
Handbook for EUctneal Engineer!, SmilAeontan Phyncal 
Tablet, Handbueh der Phynk and Glazobrook's Dxclumary of 
Applied Phynct. 

In Table VI the observed percentages of single digits 1 to 
6 are given along with the number of pages used in each volume 
and the number of footnotes observed. The frequency for 1 
IS seen to be 43.2 per cent os aj^nst the theoretical frequency 
of 39.3 per cent, and for the digit 9 the ohservations agree with 
theory with F,' - 0.8 per cent. 
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In Reneral the agreement with theory is as good aa the 
computed probable errora of the observation. 


tabu: VI 

Coi'iiT at Foomcmi 
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24 
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22 
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AO 
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02 

00 

6 

00 

4 

1 

L6 
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06 

1ft 

AH 

18L 
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aa 
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2M 
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Ohitmd Atr 

1 
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SO 

Hi 
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42 

10 

2 

1 6 

0.2 

aoBi 
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WO 

20.7 

lao 

11 

M 

26 

24 

A 
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+3.0 

-11 

•10 

•f0 2 

-0.4 

+0.3 

-OB 

40.1 

00 


PrutmUaRmr 


±10 

±00 

A0.T 

^0 

4«OA 

±oh 

A04 

^4 

A14 



SuntnaiUm oj Frequenaea 

One of the conditions that must be met by these expressions 
for the frequencies of the Integers is that, in any one order, 
the sum of the frequencies must equal unity, that is, the sum 
of their probabilities must equal certainty. 

{Electing the first-order digits, Eq. 11, and remembering 
the logarithmic rule that the sum of the logarithms of a group 
of numbers is equal to the logarithm of their oombined prod- 
ucts, we have the probability P' ‘ 

, 10 2 3 4'6 e 7 8 9 

^ 912346678 


f-?- 

1 

1 

1 

1 

1 

1 

1 

11 

lio 

■ 10" 

■ 10' 

'lO' 

"10“ 

■ 10" 

■ 10' 

’lO' 

■loj 


which reduces to 

- log» 10 -I- 0 

- 1 . 


In a sirollar manner from the complete set of equations 
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indicated by Eq. 11 we have 

„„ , 190 29 39 49 59 60 79 80 09 

f “ 'OR!" 99 19 29 39 49 69 69 79 89 


r » 

1 

1 

] 1 1 

1 1 

lioo" 

"loo ■ 

■ 100 ■ 

■ 100 100 100 ■ 

■ 100 100 


100 J A? 

- logio 10 + 0 

- 1 

and aimilar proof can he worked out for the other orders. 


Summary of Part III 

Rin^e digits, regnrdlpsa of their relation to the decimal 
point and also regardless of preceding or following seroe, have 
a specific natural frequency that vanes sharply from the 
logsnthmic ratios, The second digital order, which is com- 
posed of two adjacent significant digits, has a specific fre- 
quency approximating the logarithmic frequency, and for 
three or more associated digits the variation from the latter 
frequency would be extremely difficult to find statistically 
The basic operation 

./ O 

or 


in converting from the Imesr frequency of the natural numbers 
to the logarithmic frequency of natural phenomena and human 
events can be interpreted as meaning that, on the average, 
these things proceed on a logarithmic or geometric scale 
Another way of interpreting this relation is to say that small 
things are more numerous than large things, and there is a 
tendency for the step between sizes to be equal to a fixed 
fraction of the last preceding phenomenon or event. There is 
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no necesaity or implication of limits at either the upper or 
tho lower r^ons of the series. 

If the view is accepted that phenomena fall into geometric 
series, then it follows that the observed logarithmic relation- 
ship IB not a result of the particular numerical system, with 
its base, 10, that we have elected to use. Any other base, 
such as 8, or 12, or 20, to select some of the numbers that have 
been suggested at various times, would lead to similar rela- 
tionships, for the logarithmic scales of the new numerical 
system would be covered by equally spaced stops by the march 
of natural events. As has been pointed out before, the theory 
of anomalous numbers is roally the theory of phenomena and 
events, and the nunben but play the poor part of lifeless 
symbols for living things. 
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Aawnucr 

llie multiple Matterlnf of eleetniu h selrnletiid In tamn of the well-known 
(TMi leotloa for dngle waUerlng (|» The Innunimion of ■ rolllinated beam 
thrauiifa ■ plane parallel plate in traatod, neplaeUnp eneiiy km, the tranemlUed 
intmialty la found to be loTetady propr^onal to the thlrknea id the plato for 
laift tbieknaMa (|8) Under rertain ronditiont (nearly random dlatnbuUon of 
veloeltiaa) the motloo of the oleetrona can be lieaM aa a dUhiaion problem (|4) 
and their enoBy km taken Into eonaidetatlOQ, mvaral appUeationa are glvno 
Tba abaorptlon of faat elaotrona due to energy loae and Matterloc la dlaouened 
quanUtatlrely (|6) Tbeae enoaldeiBtiona am applied to the determination of 
T-ray enengles from the afaaorptkm of their •eeoodary eleetionn and eery |ood 
afreemoit with eiparlmental data la obtained 

$1. Introduction 

Tbr eroas seoUon of the elementary scattering of fast 
electrons by atoms has been known for a considerable time. 
However, for the problem of penetration of electrons through 
foils which is of great practical importance for the evaluation 
of eipeiiments, multiple scattenng must be oonsideied amoe 
the thickness of the foils used in practice is very large com- 
pared to the mean free path of the electrons. It is the purpose 
of this paper to develop a theory of the multiple scattering 
expressing it in terms of the well known cross section for 
single soattering. 

In 42, we shall set up the BoHimanu equation which 
governs the development in tune of a given initial electron 
distribution in space and direction of motion. The cross 
section of single scattering enters this Boltsmann equation 
only Insftfar as it determines the transport mean free path. 
The Boltsmann equation is applied in {3 to the penetration of 
electrons throui^ a plane pa^el plate. The transmisaion 

*Thli iBTadIntlaa wMMi^Qited by • snot from TIm tVuoM Fund of tbs 
Amarieao niOcaopfakul SooMy. 
f io o iMM Ws or m anbioav rmLosonuus iocdrt, 
wm. rs, B0k4t~feSB0B, UM STS 
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of the plate and the angular distribution of the emerging eleo- 
trona will be calculated. In (4, the problem of diffusion of 
the electrons is considered. These considerations are appli- 
cable when there is no greatly preferred direction of motion, 
i.e. (1) when the electrons are emitted in all directions from a 
source (emergence of electrons from a radioactive target), or 
(2) when an initially collimated beam of electrons has lost 
most of its forward motion due to scattering. In the diffusion 
theory, the energy loss of the electrons can easily be taken into 
account In {6, the penetration of electrons through foils is 
treated including the energy loss. This has been done only 
approximately but the approxunation should be rather good. 
Iheoretical absorption curves are obtained for electrons of 
given energy. From these, it is possible to derive the absorp- 
tion curves for the electrons produced by r-rsys of given 
energy. This absorption method has been used recently * by 
expenmentera for determining the energy of r-rays produced 
in nuclear reactions. In one case where the y-ny energy is 
known from other souroes (Th C" r-ny, 2.6 MV) t^ observed 
absorption agrees practically exactly with the theoretical 
value. For higher energy, the theoretical curve should give 
better results than the curve used by the experimenters which 
was based on an extrapolation of eminricBl data. 

{2. Tan Boltekann Equation 

We "hit]! consider the numl^ of electrons at a given 
position r end with a given dirMtion of motion n, /(r, u, () 
sin Msdir, where d snd ^ give )ihe direotion of the unit vector 
u and 1 is the time. The denrity/ changes with time because 
of convection and because of scattering. In the usual manner, 
we find the Boltxmann equaUon 

B 1 ^ — u- grid/ + J’Hn a da dfi (a, p) 

X [/(r.tt'.O -/(r.n.03. (D 

• Baokw and Beths, Xiili / 431 F. BMrttt, iWA, W, <4 

(ItSS), B. FMahmiott, AU., 101, 118 (ISSS). IIHaU ead tufw, Bw., 
■t, >87 (ItST). 
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Here v in the velority, and d« — v dl an element of the path of 
the particle. The gradient ia to be taken m ordinary (r) 
apace N la the number of arattering atoms per unit volume, 
e the Bcattenng crow section for deflection of electrons of 
velocity V through the angle a a la the angle between the 
unit vectors u and u', and ^ is the aiimuth of u' The first 
term in (1) represents the convection, the first term in the 
square bracket the acattenng into the solid angle at u and 
the Inst term the acattenng out of this solid angle 

The scattering cross section c is known to be (rf. below) 
small for large scattering angles Therefore the important 
directions u' will be very close to u, we write u' — u + w 
where |«)| « 2 8in a/2 «1 Then we con make a Taylor 
expansion of /(u') in powers of w (always on the surface of 
the unit sphere), vis. 


/(«') -/(«) 


Now tr, — tccos^, IS, — wiimff, therefore upon averaging 
over the asimuth 0 ^ terms vanish except those with u>.’ 
and V,*, and (1) becomes 


> - - u-grad,/ + AJ/X, 


(3) 


whore X is the “transport mean free piath’’ 

1/X “ vAfJ'sin a da ff(a, »)(! — cos a) (4) 

and ^ IS the Laplodan operator in the angular coordinates, 

^ " sln^W ^ w) 

The differential oroes section s for sin^e scattering by on 
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atom of nuclear charge Z« ia ^ven by* 

g(e) Bin a dtt - f -1 ^ am a da. (6) 

Here TT ia the energy of the electron including me* and p ita 
momentunL The formula is valid for any energy greater 
than the binding energy of the X-electrona in the atom, and 
approximately valid for energiee considerably below thia 
lunit. F is the atomic form factor known from X-ray aeatter- 
ing, divided by 2, it represents the contribution of the atomic 
electrons to the daatio scattering. F may be calculated using 
the Thomas-Fermi model of the atom; it is a function of 

2(ap/*)Z->'* Bln a/2, (7) 

where a is the Bohr radius. F is unity for t ~ 0, about 1/2 
for { >■ 1 and falls rapidly to sera for larger (.* Because of 
the denominator (1 — cos a)\ the cross section becomes very 
small for large angles,* a fact which we have used in the 
denvation of (3). 

For the transport mean free path we obtain 


lf\ - rN9*Z*VPHW* - Bin a da (I - cos a) 

Since F is near umty for ( < 1 and near lero for ( > 1, we 
replace the integral by 



rin a da/(l — cos a) 

- 2 log ZitplW, 


( 9 ) 


1/X - 2irJVe‘2'ir*/(lF' - m'c*)' log 3op/llZ>'*. (10) 

•BithaffaadhiiAdirFHsttiM/l. P-Wl- B wUl not hs iniBwiy to eon- 
aldor IndoiUa Hstteiins boaaqos thi* ii D«|Usib)o en«|it br vorj dioII iBstMi 
IneUiUa watMoS moat, of oaono, ba onoiSdMad for Um a uu ar loaa 
' A tabb br F It found, Io Ana. dn- ny., », 8» (liM). 

«rlmlBtto ilaiiiii aiai»pl<l|y wheot h a—Molieprtli— ualty- Forpaac 

and F • Wt c ■ 1 ootwipo iidi too - U*. 
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Table I givea the values of X, in g./cm.', for vanouB substancen 
and kinetic energiee E. 


TABLE 1 


TajuoKnr Maui Faaa Path X m 


In* 

HRtekl \ 

m 

D 

D 

D 

D 

m 

10 0 

aoonc* 

A1 

oooro 

0.0990 

0076 I 

OAO 

0A6 

869 

8&8 

soo 

Cu 

aeon 

ootoa 


014 

040 

17& 

43B 

147 

Pb 

OOOII 

00037 

1 0017 

ao£ 

aia 

064 

1R7 

ea 


(3. Penetration THROuaa a Plane Parallel Plats 
We consider a plane parallel plate of thickness d, i (going 
from 0 to d) la the coordinate perpendicular to the surface. 
An electron beam u incident normally on the plate with uni- 
form intensity (1 electron per second per cm.' over the surface 
X m 0). We are interested in the number of electrons emerg- 
ing from the surface x ** d (transmission) and their angular 
distribution, and also in the angular distribution of the elec- 
trons scattered back through the surface x i- 0. 

The electron distribution in the plate will depend on x 
and 9. We consider the stationary case dfidi » 0 and have* 


Xda^^ "^ 9 ^ '*5® ® 


( 11 ) 


with M - cos d. This equation may be separated putting 



/ ■ »(®)f (a), 

(12) 

^0 

- m') ^ - 0, 

(13) 


E + x®“®- 

(14) 


h being tlm separation parameter. Eq. (14) has the solution 
0 s - 08 “**'* (for k w* 0). (16) 

•TUi aqssttoa wss llnsdr Mred by Bulbs, PM . M. Ul (IBM) 
bia Hci oomii H y twstsd dHi ta spiiUsa fl on of ImpniMt bnmdsiy ooudUlm. 
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(13) u Bimilar tn the difTerentii^ equation for the sphencal 
harnionica, the only difference being the factor it in the coeffi- 
cient of 4/. The boundary conditions are the some as for the 
spherical harmonics, vii ^ must be hnite everywhere between 
a *■ — 1 andfi = -I- t. llie solutions of (13) for A; 0 can be 
obtained either by numencal integration or (not very prao- 
tical) by expanuon m spherical harmonics or, for sufficiently 
large k, by the Debye (WKU) method. ‘ This latter method 
gives for the eigenvalues 

- ±688(n -I- i)'. (16) 

The first eigenvalue A i, is 16.4 from (16) whereas a numerical 
integration of (1.1) gives A:i •= 14 476 Even better agree- 
ment will be obtained for the higher eigenvalues. The WKB 
solution shows that 4/ decreases rapidly (exponentially) for 
negative kn Thus for positive k most of the electrons move 
in a forward directioo (0 < i» < t/2), for negative Ar, in a 
backward direction 

Since the eigenvalues k calculatiMl above are all very largo, 
the corresponding solutions » die out at a very 

small depth in the foil (x •• X/16). If these were the only 
solutions of (11), the electron absorption would be extremely 
strong However, there is in addition a singular solution 

; - a -1- d(M - to/X), (17) 

where a and /3 are arbitrary constants. This solution is the 
only important one for the actual penetration of the electrons 
through the foil, the exponential solutions are necessary only 
to satisfy the boundary ronditiems at the surfaces of the foil. 

An approximate solution may be obtained by neglecting 
the exponential solutions altogether, llio boundary condi- 
tions arc that no particles go towards smaller z at the exit 
surface z > d, and that at x » 0 we have a collimated incident 
beam of unit flux. With our approximate solution, we can 

• Dub/e, Hath Aim , S7, 688 (I«M). 

’ In addition to tfaSM loliltiaia tbne in icIiiticiM whldi an 

only important near the back nirfaoa rad. 
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of roiine not aatufy theap roaditionii orrurately but only in 
the mean. At z — d, we require that the lalal current to the 
left is sero, viz. : 

m) dn - 0. (18) 

At z — 0 we set the total current to the right equal to unity, 
vli.; 

( 10 ) 

Inserting (17), we obtain the values of a and The Irane- 
mitted intenaity is then given by 

J “ £^{d. n) ) — i • (20) 

The transmission is unity for zero thickness and inversely 
proportional to the thickness for large d. Therefore the ab- 
sorption 18 not nearly as strong as was believed previously 
(exponential abeorption, ct e g reference •’>) 

To obtain an accurate solution, the exponential eigen- 
functions must bo cunaidcrcd in the boundary conditions at 
both surfaces. The result for the transmission is 


r 0 802 

'' “ d/X -I- 0.710’ 


( 21 ) 


provided d/\ is large enough to make the exponentials negli- 
gible, f.e d > 0.2X It IS seen that the Irausmission is some- 
what greater than that given by (20) (about 30 per rent for 
large thicknesses). 

The angular distribution of the emerging electrons has 
been calculated . it is 


/(d, a) ~ 0.717 -|- COB d — 0.181 

- 0 082^.(m) . (22) 

if'i, is the sedutions of (13) corresponding to the eigenvalue k„ 
Except near g - O, the distribution is almost proportional 
to 0 ] -H Cl eoa 
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|4. DnmrsiON 

After A large number of collisions, the motion of the elec- 
trons will be almost random in direction. In this limit, the 
motion may be treated as a diffusion problem. We intro- 
duce the total density of electrons 

(23) 

and the current density 

J(r. •) -J W(t, o, ») <*>• (24) 

Then, with the assumption of small anisotropy, we may write 
/(r,u,s) - (l/4F)(f -I-3S-U). (26) 

We integrate the Boltsmann equation (3) over all directions of 
u and obtain the continuity equation 

iF/dt - div J, (26) 

since J da AJ 0, Multiplying (3) by u and integrating 
over all directions yields 

6 J/as - - 1/3 grad F + 2Jt\. (27) 

The prooess may be considered a diffusion only if F and J do 
not change appreciably over one mean free path X. Therefore 
dd/df < 2.//X, and comUning (20) and (27) we obtain in 
sufficient approximation 

dF/dt - - (X/eiAP, (28) 

where A is the ordinary L^Iacian operator. 

F depends on the coordinates z, y, s and on tlm total 
length s of the path of the etoctrona from their time of emis- 
sion. This length of path may be considered as uniquely con- 
nected with the energy loes suffered by the electrons, except 
for the rather small straggling of the energy loss.' llius t^ 

• Tfaa itniiliiig li Mnd onlr H lens M tlw anaer kw by ledUtloD 1* n*^ 
(Ibla. Tbanfon tbl( praaiidiira h only raUd for iwsl— "P ts SOO/M MV fa s 
nattnil ct stomlc niuUMr S. Htmtiww, fw hifbar SMfsIis tha tseatfarliit k 

iMsIlSibk. 
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diatributloD in apace of eleotrona of a given energy ia given by 
the function F for the coireeponding value of s. With a 
given initial energy Et, there will be a certain total length of 
path required for stopping the electrons completely After 
being stopped, the electrona are, of course, absorbed by re- 
combination with the atoms of the material. F(r, sg) gives the 
distribution of electrona in apace when they are absorbed, and 

J* (di/v)F(r, a) gives the total denaty of electrons of all 

energies at the point r. 

Equation (28) will be simplified by introducing the new 
variable 

r(e) -JjTxd*. (20) 

Since a ia a function of the electron energy E, and X is as well 
(cf. 10), r will also depend on E (and the initial energy Eg). 
If dBlda is the energy loss per unit path, 

riE) ~\J\{E)dE/\dEld»\. (30) 

Eiplidt formulas for t(E, Eg) can easily be derived. 

With (20), (28) becomes 

9FI9t - - AF, (31) 

which is the ordinary diffusion equation. Its solution de- 
pends on the boundary conditioiis and the initial condition. 
Some oases of particular interest aro: 

(1) Point source of unit intensity in homogeneoua medium . — 
If r is the distance from the source 

> - (4TT)-*«r^'‘'. (32) 

Hie mean square distance from the source at the moment of 
absorption is 

r**, - erg - X(E) dSf \ dE/de \ . (33) 

The “Unwegfahtor” U noay be defined as the actual length of 
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path of an elertron, *o “ J dEI\dElda\, to the average 

diataoce from the source at the moment of abeorption, or 
Vt^A« f/ lA a meueure of the importance of scattering. 

(2) Point source of unit itdeiuity in a medium bounded by 
the plane z = 0. — Pontion of source z = d, y — * - 0. 

F = (34) 


Number of particles of energy between E and E dE emerg- 
ing from the surface is 


I dE 


g-*llr ^ t JP 

(4Tr)''** Tdfi“"- 


(3fi) 


(.3) Uniform dietnbution of sources over the interior of a 
medium bounded by the plane z — 0. - If y is the number of 
electrons produced per cm.* and sec , the total number of 
electrons emerging from the surface per cm.' and sec. is 

n -■ 2 Vro/irg Q> (3®) 

where r'^r is given in (33). Thus, if radioactive atoms are 
distnbutod uniformly in a target (e.g. neutron produced radio- 
activity), the number of emerging electrons is proportional 
to the "effective target thickness” (2/3T)''*(r’A»)''*. Table II 


TABiJi U 
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gives these thicknesses for various elements and initial elec- 
tron energies. The energy distribution is given by 


IdE 


n(E) dr .„ 


Other cases can easily be treated. 


(37) 
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{6. Absorption of Fast Electronb 

A beam of fut eleotroiu wdl in the beginning of its path 
suffer energy loss but very little scattenng and thus move in 
almost a straight line. With decieafdng energy, scattering 
viU become more important until finally the stage of diffusion 
is reached where the direction of motion becomes almost 
random. Both the limKing cases of straight motion and 
diffusion ((4) are easy to treat whereas the intermediate re- 
gion is not. We therefore approidmate the problem by assum- 
ing a direct transition from straight motion mto diffusion. 
As the transition point we take the point at which the average 
cosine of the an^ between the direction of motion and the 
primary beam becomes 1/s. The average of cos s after 
traversal a path < can easily be shown to be 

(cos - expj^ - 2 ds/X j. (38) 

The energy Et at which the diffusion starts is therefore given 

The average penetration of the electrons in the "strai^t” 
part (A the path is 

iA» - [coe S(s')]a. d»'. (40) 

We — nme that the source of diffusing electrons u a plane 
distribution at a distance x^t from the starting point. Then 
the current of electrons emerging from a plane at a distance 
za* + d from Uis starting pomt is obtained by integrating 
(86) over r from 0 to 

/(X*, -I- d) - 1 - *(d/2T.‘/»), (41) 

where 4 k the error integraL 

We midy these formulas to the sbeorption of electrons 
produced y-rays (cf. refeienoe 1). The y-rays pass through 
a thick A1 foQ in which they produce electron pairs and Comp- 
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ton electrons. These electrons, if emitted in the forward 
direction, go through two Geiger counters separated by an 
absorbing foil of Al. The number of coincidences of the 
counters la measured as a function of the thickness of the ab- 
sorbing foil, due corrections being made for the abeorption in 
the walls of the counters. In order to obtain the theoretical 
absorption curve, we must consider that electrons are pro- 
duced throughout the first foil. If the thickness x of the 
absorbing foil is less than Za, and if the electrons have all the 



Fio. 1 Haif-ymloe ttikkneai (f|/i In AJumloam for the BboorpUpB nf CompiOD 
and pair eleetrani csDenlad hf r-my* of IsmI fivv tba a ur ro for 

■™ll enwcjr tn greater doiaQ Th C'' und O DwamraMita by VlelMhjiuum and 
Th C' lUBUuiauMnt by MitobaD and 

same energy, the intensity is approximately proportional to 
1 — z/zat- In reahty, the electrons have various energies and 
an average must be taken over the known energy distribution 
of Compton and pair electrons. The theoretical absorption 
curv’e thus obtained is in good agreement with the experi- 
mental curve for monochromatio y^ys (Th C", cf. Fteisch- 
mann, loc. cit.). In the genend case, the abeorber thickness 
at which the intensity is redaoed to oaO'JiaU is taken as a 
measure of the y-ray energy. Figure 1 gives the calculated 
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half-value tbickneas aa a function of the y-ia.y eneixy Three 
experimental points are also given (Th O', ff + n — Z), Th C") , 
the agreement is excellent, especially considering that there 
is no adjustable constant in the theory. The assumption of a 
linear relation between v-ray energy and half value thickness 
which wan used by Fleischmann gives reasonably good results 
(energy 20 per cent too high at 30 me'), much better is the 
relation proposed by Bothe and used by Mitchell and Longer, 
m. 

dti, - 0 06S(Ar)V(*>- + mc’)mc», (42) 

the conatant being chosen to fit the Th C'" measurement 
We have also calculated the quarter value thickness as a 
function of hr A comparison of the quarter and the half 
value thicknens gives an indication as to whether the y-rays 
are monochromatic or not. If di/i/di/i has about the theoret- 
ical value, the y-rays will be monochromatic or nearly so 
whereas larger values of this ratio indicate the presence of 
several comimnents with comparable intensity, 'fhe y-rays 
emitted m the capture of slow neutrons by nuclei have electron 
absorption curves which show that they deviate markedly 
from being monochromatic as is to be expected from the 
theory of that process. Similar calculations for the absorp- 
tion of radioactive ^particles are in progress 




EXPERIMENTS CONCERNING THE SECRETORY 
ACTIYITY OP THE LIVER* 

RUDOIP 

Vliltlnc Prufcmir uf Phyaologj^ ITiilv«ndtj of PonnijIranU 

AND 

EUllOR MOORB 
AMnAcr 

ItiirUor eiporineoti hfiTo ihown Umt the frog Uver wlu>q pt^rfnsed with 
Blnger’i oulatlua ^oatitiiiiiig nttaral or artldrlal plgtnt^ntK Iv aUlo tn Mriotn 
thoM ralMtAaeM In eonMioLrationi lOTotBl handretl tlmoo thiuu* In tho jwrfiiB 
lug •nlntloiu. Thli wcretory aetivltj of thr miTvlvliig orgon run bt* itliiiu 
Iniad Lj rortoia orgmolo wnbftnncoi mid Inhlblti^ bj oilier^ In tlio gT-oup of 
eoaipottiidi oihlbltlng an lahlbltory Hfert hove been found those which pnii- 
•eu ft ftrong tfflnUy for wtter, ftro lurfat b loartlro, and in'odure dehjilraUon 
and eondeatatlon of h/drophllle eolloiUa Eiampk's of such ■ubotancci are 
fogtra, potyhjdrifl aleobola, ftmlao aeida, and blralent alipbatie aeltla and 
oijfteldo. The meraberi of fhe group promoting Bo«‘rchon arc aorfaeo aetire 
aad dierloee orgaanphlUe and hjdrophoblc propertlra on one aide nf their 
polar maloraloB and hjdrophllle qoalltiee on the other iride To ihU groop 
biloag the bile aclda, Uglier fatt^ aeida, rarbanuilca and M|iod 1 ji The Mine 
dMflon Into groups has been met with In experlmenta upon the Influence of 
a fairly large number of organic aabitancss on the dlspomlty of lecithin sols 
•ad ia exp^ments on the production of Injury potontlala in moarln and 
nrrre. From thoe reniti U is coftcludod that the aoerelury actWlty Li in 
•one way dependent upon the altomticm of the condition of the cell oollolda 
In tha dirertloa of either a higher or a lower degree of dlapenlon. 

Seorbtobt activity dcHignatcs not only HynthoHiH by ape- 
cial living oella of Bpecifia chemical romponndH lilco hor- 
moncB, enzymoH, bile acid or milk sugar, but also collection, 
transport and concentration as in the removal from tho 
blood of substances liko urea and niic acid by tho kidney 
and of pigments by the liver. Wo have found that such 
concentration can be accomplished by tho frog liver even 
when separated from tho body of tho animal and when the 
blood is replaced by a simple saline solution. When a very 

* TUi IsTMtlgitloB wu rapporM by a ipaat from The Pearoee Fund 
of the Amarleaa PUkaopUeal 6(^17. 

nooEunaa op tbi ahbicim ruiUMOPBiru. aoomr, 

VOL 78, so. 4, uaacB, IMS 687 
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bniall atnoiuit of eithor normal bile piRinont or of any tooh- 
nical dyestuff la added to the saline aolntion, the piRinent 
reuppeara in the biliary accretion in a ooncentrntion aovoral 
hundred times that of the entering solntiou. Such trana- 
foruiation of a dilate into a stronger solution requires work 
on the part of tho living cell just as tho concentration, 
the compression of air requires an oiponditnre of energy. 
Fnrthemiore, during snspcnsion of the vital activity of the 
liver caused by administration of an antesthetio the capacity 
for accumulation disappears and the unchanged solution 
leaks through. After removal of tho anpathetic the livor 
1 ogams its concentrating power. The incchanlsm of this 
type of activity, which is exhibited by the kidney in tho 
transijortation of area, of uric acid or of certain dyestntTs 
from the blood into tho nrine, by the fplls of marine fishes in 
tho excretion of salt from their bodies into tho salty sea, by 
the skin of the frog and hy plant roots in the accuninlation 
of salt from the highly diluted sonreo in the surrounding 
fresh water or in the soil, is an unsolved physiological prob- 
lem. We have boon trying to attack this general problem 
in experiments on the livor. 

It is well known, mainly from clinical observations, that 
the secretory activity of tho liver can bo stimulated by sev- 
eral substances, namely, the noniially present salts of bile 
acids, as well as those of oleic and salicylic acids. Sub- 
stances liko these have been called "choleretics,” which are 
distinct from the so called "cholagognes,” ue. snbstancoa 
enusmg discharge of the filled gall bladder. In order to 
get bettor information concerning this choleretic, serretory 
activity, we have undertaken a study of the ability of a 
large number of organic substances to promote or to inhibit 
the aliovc mentioned dyestntf secretion of the liver. 

Before giving a r6snm6 of this part of onr investigation, 
wo wish to tnm the attention to an unexpected situation. 
We have not been able to find sabstances other than tho 
dyestuffs to be concentrated by the liver. Some carbo- 
hydrates and inorganic ions pass through the livers of 
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frogs and of rabbits unconoentralod as tht^y would through 
a filter, while simnltaneously injected dyes show Iho elmr- 
acteristic strong ncuumulation. This bcliuvinr is illustrated 
f-.g. by a Bories of exporiiiientA ou fi ogs published recently 
by Dr. Haywood and one of us. 

TABI.E I 

Drorurr CoHcnmAnoN CoMrAUi> with that nr Ifriam 


Iiiuliu 


CoomlnUdB 

I^Mtor 

po in 
umuMon 

p p in 
■rPMtNm 

70 

0069 

0 040 

«■ 

ooee 

0068 

eo 

0040 

0037 

30 

0 040 

0 041 

40 

0061 

0033 


Table 1 gives tho resultH of five oxpemnents in which 
the liver was perfused by inulin and dyestuff. Whereas 
the dyestuff reappears m concout rations 30 to 70 tiraos 
higher than that in the perfusion fluid, tho inulin pusses 
unconcentraled. 

The fairly great iiuinbei of organic substances tested 
for their influence upon secretion enn be divided into two 
groupH, one comparatively harnilosB to the liver, but diR- 
tinotly decreasing its ability of dyestuff accmnulntion, the 
other promoting in siuull, but poisonous in greater coii- 
oeutrations In tho actual cxperimontal procedure of test- 
ing for these effects tho liver is perfused with faintly 
stainod ieotonio salt solution until a secretion dark from 
oonoentratod dyestuff appears in the eaniiuln inserted in 
the bile duct. 1/8 to 1/10 of the salt is then replaced by 
the isoBmotio amount of, for oxninplc, the sodium salt of 
on organio acid belonging to the Aret group of snlistancoB 
charaeterised as harmlesa to tho liver. The l)cha\nor U 
illustrated by tho Table 2, Exp, 1 to 5. 
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TABLE 9 

AanrHOLBUTia iin> ('aoLiBma Erricna 


Hip 

Sodium Salta 

\foUflL] 

Pi' watt J Ooawtittrm- 
tion ftaalor 

1 

4aKMLHt at Soaeatiaa 
T/flmir 

BoiMt 

Punm 

m 

Bafm 

Ounni 

Aft« 

1 

AceUto 

0028 

40 

0 


003 

0 

024 

2 

CilytolaW 

onu 

eoo 

Til 


17 

08 

970 

a 

UlutiimlA 

0028 

730 

6 


M 

0001 

62 

4 

MaUie 


960 



16 

Olg 

■ns 


Biueinst« 


030 

a 


36 

0 41 

46 

tta 

Tuirnrhohl* 

30X10-* 

1000 



16 

ISO 

1& 

ab 


170X10-* 

IIBO 



46 

167 

134 

7 

Olutc 

flXlO * 

700 



48 

58 

32 

8 

HalicyUla 

7X10-* 

150 


LL 

70 

120 

— 


The aiiiount of sci-retion as well an the dypHluff con- 
centration falls off. Hut ilio effect is roverslble. After 
switching over to the original porfnsiug solution, the for- 
mer secretory power reappears. On the other hand, sup- 
plying the liver with a sabstanco belonging to the second 
group mentioned produces an increase m dyestuff oon- 
eentratiou os well as in volunie of secretion (Rxp. 6 to 8), 
but only when the concentration is kept below a certain 
value Otherwise irreversible decrease of dyostnff concen- 
tration results (Exp. 6 b). 

Before enumerating more fully the organic oompounds, 
which appear to belong either to one group or to the other, 
wo wish to chnracteriso theso two groups not only accord- 
ing to thoir physiologiool effoets, bnt also in teiins of their 
physico-cheuucal property, which seem to bo correlated 
with their physiological behavior. The group of organic 
compounds discloeing an inhibitory effect on the livor ac- 
tivity comprises oopponuds with a strong nfflnity for wa- 
ter. For this reason, they are surface inactive and they 
produce dehydration and condensation of hydrophilic col- 
loids like those fki the cell surface and interior by competing 
with them for irater. Such substances are the sugars, the 
polyhydrio alcohols, amino acids, the sodium salts of bb 
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valent alipbatie aoida and OTyacida. In contrant, tho SL'cre- 
tory power of the liver aeoins to bo increased by rompounilb 
which show, more or Icaa, the ofipoHite tyiM' of behavior 
These HubstanccB, though wuter-solnblc and h>diophi]ic, 
are likewieo organophilio and hydrophobic Tliuir inole- 
onloB have polar conflgu rations, one part showing affinity 
for organic snbstanoos, the other part for water. There- 
fore, thoso substancca are aiirfaco active, t e. they arc ad- 
sorbed at the interface between an organic Htructure and 
its environment Such an interface would he located, for 
example, botween the organic colloids forming the cell body 
and water. When tho affinity for water is sufficiently 
strong, the colloidal atmeturo is loosened instead of being 
condensed and tightened as in the funner ease. Rubbtiuices 
belonging to this type are the salts of bilo acids, of higher 
fatty acids, of salicylic acid, or the carbaiiiaU>H or saponin. 
Briefly, our experiments on the liver suggest as a working 
hypothesis that the secrotoi-y activity of the liver is in some 
way dependent upon the colloidal cuudihon of the active 
straotures, which can be altered in one or m the other direc- 
tion by the two groups of sabstanccs bunging about either 
functional improvement or functional impaimiont, either a 
choleretic or an anticholeretie effect 

Of necessity, this is a rather vague statement, biiicc, at 
the present stage of our mvcbtigatiou, we do not feel in a 
position to be more doflmte. In order to test further this 
snggestion that colloidal processes may underlie tho physi- 
ological effect of the organic compounds, it scorned worth 
while to extend the investigatinii to other physico-choniicul 
and physiological systems, since approximately tho same 
colloidal material is present in all cellular structures. As 
an example of a purely physical system, a model experi- 
ment waa designed using emulsions of lecithin, a constituent 
of all oell stromata. The influence of the same two groups 
of organic compounds on the degree of dlspersioa of these 
Bok was investlgatod. Turning to physlologiool material. 
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parallol Hludicn wore oondnctod upon the oloctrio manifeata 
tiomi of nurvo and mueclo. Hinoo the injury and action 
potentiale are K^niorally beliovod to ariec from alterations 
of tbe colloidal niotiiliranoa, atractnrea eaaential in these 
physioloKical reactions, wo have stndieil the ability of our 
compounds to produce muscle and nerve injury potentials. 
The following suiiiiuary of the results (in Tables 3 and 4) 
shows to what extent the different prucosses supposed to 
correspond to each other really appear to bo comparable. 

TABLE S 


HesniNciai with lacssAMNa (-)-) ErrsiTS 


SutManM 

DyvCtif 

Injury Poi*nUBl 


Um 

MuifW 

Nrrw® 

IWihin 

OlyuorhoUtr 

+ 


+ 

+ 

TsumrlHJate 

+ 1 

+ 

+ 

+ 

Olesic 

+ 

+ 


+ 


+ 

+ 

+ 

+ 

H«ptylAt6 




+ 

NonyUto 


-t- 


+ 

Salicykte 

+ 

+ 

+ 

+ 

OiddDe 

+ 

+ 

— 


docslne 

+ 


+ 

— 

NwocaJiw 


-1- 

+ 


Vsratiino 


+ 

+ 

+ 

Butylslnihol 

+ 



+ 

Aniylslrohnl 




+ 

Uepiylalcuhol 


+ 



PmnyluKlhuw 

+ 



+ 

Uut^unthaM 

+ 



+ 

Stponlnfi 

+ 

+ 


-(■ 


Obviously, the results are in fairly good agreement with 
the concept that wo are dealing in the liver experiments 
with alterations of the colloidal state of the structures oon- 
comed, since the augmenting as well as the inhibiting ef- 
fects of the coraponnds in question aro paralleled by oor- 
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TABU. 4 


SUBHTAXCB WITH Dst.'UAUNa (-) KrncTS 


fiaNiUiUM 

SimUiin 

CJvaf 

Injury PnlrnUal 

niBpamty 

erf 

l^lJun 

Muels 

Nfwwii 

Aratata 



_ 


GlproUts 

— 



- 

loctotc 

— 

— 

— 


Pyruvate 



- 


AiqiuUte 

— 




Glutamate 





Malale 




- 

doeelnato 

- 



- 

Glueoae 





Tartan 

— 




^UCTDM 





Efythrital 

1 



- 

Mannitol 

- 1 



- 

Glynlne 

- 


1 

1 

- 


roisponduiii; ufFecta on tho lecithin auaiR'iiBion and Hinco tlio 
niUBole and nerve putoiitialH, which frequently liuvc been 
oonaidered an due to nn increnne of meinbrnno pomwability 
to long, are likewiso brought about by the correnpoudiug 
(jToup of chemicalg. 

Therefore, guinnuiiK up, wo come to tho conclusion that 
the characteristio ability of the liver to concentrate dye 
atuffg in ita aocretion to an extraordinary degree, could bo 
regardod bh baaod upon tho adaorption on special enrriera 
inside the cells and that entrance and transport are either 
increased or docreosod accordingly os the condition of the 
cell colloids is altered either in tho direction of a higher 
or a lower dispersion. 

CmnoHi 

& Httm 1 >D A Timjiw Ffifer’i ArsA,, SB3, p. 180 19II9 
& HOm. Pfligiir’i AnA., 09^ p. 408. 1888 

OL Uatwooo *]id B. nUila /oam. Cril. ud Cvmp npilol., lOL p. BOO 1037 















THE ITEUROHOTOR SYSTEM OF AEOPLOPHR7A 
LUMBRICl, A DBGBlfSaATB ClUATB, FROM 
THE EARTHWORM OCTOLASIUM 
CTAHSUM * 

CHABUS A. KOrOID AITS DATDS M. HAMHOITD 
Envrltu ProfaMor al Zoology, TJulasnitj of Oallfornlt, Barkrle/, OalUornla 

AsmACT 

1, Tho neunmotor ^atom of JnoplopMrgo himtrM (Brhrank), a iilinpio 
utomatoui elllito from tk< lutotlne of tho lamtinrnld earthmrm Ortolatiom 
oyoiMtiiii (Horlpy) eouliti of 60 lon^tnAInd rowi of tills, SO on tho mini ml 
nifite, 30 on tho dofia], ud 5 man cloarly'Ott ont* on oath litorni margin 
CIHarj foollota bolorr the baa] grunitn of the eillaxy rowa eonnatt -with 00 
primary longlindinal Obrili all of rrhldi Join the anterior iDtural ObriJ whiah 
eroaaa the aatarlor end of tho ventral larfaoa, and at the rellrt cytoatonal 
depreaalon paaea Intomally and Jolna tho motoriiiin. From tho anglee of the 
motarlian two other Obrita enter the endoplaam. A aecondary net of 00 more 
aaperdrUI longitudinal Obnla lira brtireen the primary onea and la joined to 
them by ennm oommlaanrea The uotorlum Uea In the region where the an 
eeetral pharyna may hare boon lorated 

A The ellla beat In regnlar aynehroalied melarkronlr wavea, pmpolling the 
organlam with relatively great apoed. 

3. The antarlor tntnral dbiil and primary Inngltodlnal Obrlla are Inter- 
preted aa functioning In tranamlaalon of impulaea Initiating elUary movementn 
In the Iluaa of dlla, while Ihe aecondary longitudinal llbrlla sad rroaa cominla- 
larea provide for coordination which ra^ta In the orderly pmgreaalou of wares 
of dltary action 

4. In an <mrly atage of binary Oaaton the ciliary Hnov are crowded Inward 
at both lateral marglna at tho future plan* of dirlalou | a proem of maltipUea 
tlon of the baasi granolee nrrnra on bolh aldca of Uiia piano, and an ertnplaamie 
wall of deunrestlan appaara which latvr grown Inward forming the plane of 
aepstatlon between the two dsoghtera. 

5. The aenromotor ayatem of Anoplophryo may have atiaon fmm that of 
the almple atomatoua nlllates by dognanratlnn of all of tho flbrlUar complex of 
the pharyngeal region except the ronieetlon of tho motorlnm with the nntuni 
flbrIL 

* Oratefnl aeknowledgmeut la made to tho Fenmae Fund of the Anurlean 
Phlloaophleal Boriety for a grant In-aid. Aoknowladgmant la made also lo 
the Worha Progreaa Adminlatratlon for aaaiatanes rendered thnngh Project 
No. M7»-67»r. 

noenwnon op nx iKwaii raihosorucAL nooRT, 

ml. 78, no, 1, If anna, 1838 388 



690 CHAALKS A KOVOID AND DATUS U. nAMMOMU 


Ihtboduction 

Since the time when Sharp (1914), under the direction 
of the senior author, demonstrated the presenoo of a co- 
ordinating llbrdlar system in Dtplodtntutti, a aeries of in- 
vrestigations has shown that anch a atnictnrally integrated 
ncuroinotor system is oharacteriatic of a number of divereo 
groups of ciliated Protozoa, and presumably of all Ciliato. 
Most of these luvestigatione have been concerned with the 
more complex genera. It is, therefore, a matter of con- 
siderahlu intoreat to determine whether the simpler repre- 
sentatives of the cihates also have a neuromotor ayatora, 
and, if so, what relation it bears to that of the more highly 
diiTerentiuted and diversely speeiahzed genera. Thia pa- 
per deals with n holotrich of simple typo the simplifloation 
of which baa resulted from a parasitic mode of life. 

The parasitic mode of life tends to the aimphfleation 
of the struoturul differentiation of any persisting organ 
systenm by reduction in nnmbers of repeated eleiuenta and 
restriction of structural modifications among parta of ae- 
ries of organs. It may even go ao far ae to eliminato 
wholly an organ system or an unused part of it, or to retain 
it in aoRio stage of dlfiferontiation or reduction. In con- 
formity to these proeesaea of change induced by the para- 
sitic mode of life the ostomatoua ciligtca, some of which, 
such as Anoplophrya, live in the fluids of the digestive tract 
of cartfawomiB and absorb food from the medium in which 
they are immersed, exhibit the loss of the pharyngeal or- 
ganelles consisting, in other hypotrichs, of speolaUy differ- 
entiatod cilia and oven inembranelles the function of which 
in the anccBtars of the aatomatons ciliatea was to pick up 
organisms such aa bacteria and paaa them into and down 
tho pharynx into the endoplasm, often shaping them into 
food balls at the inner end of thia drcumacribed route. 
Cilia serving those functions, their strnotnral differenti- 
ation, and their Bpeciolizod groupings havo been described 
by Lund (1933) in Paramecium, and Bosenborg (1937) in 
Nyetotherue. 
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Since Anoplophrya has neither month nor pharynx it is 
a matter of interest to And ont how far its parusitir mode 
of life has reduced the pharyngtcal apparatua and the luo- 
toiinm, found near the pharynx, and from which flbrils arc 
sent out to the pharyngeal apparatns and to other parts of 
the ciliary oiechanism. 

Aa luaterlal for attacking this problem a relatively sim- 
ple aatomatouB ciliate, Anoplophrya lumbtirt (Schrank), 
has been chosen by us. However, the simple stmeture of 
this dilate is undoubtedly to be regarded as secondary, 
since this species appears to have been derived from an 
ancestral holotriehons form with a eylustomo and pharynx. 
This makes the problem doubly interesting, for if this hy- 
pothesis as to ancestry is correct it is to be oxpectetl that 
some vestige of a more complex ancestral organization of 
the nenromotor system may bo carried over in some stage 
or stages of degeneration. 

The only previous investigation of the nenromotor sys- 
tem of astomatoUB cilia tea is that of Bush (1934) on Uap- 
tophrya fntchiganensis Woodhead, parasitic in the intestinal 
tract of the four- toed salainiuidor. This cihate has a well- 
developed sucker functioning for attachment, and a com- 
plex neuromotor system with parts homologous to those 
described in storoatons cihatos, including a motorium, 
flbrillar ring and connecting fibrils. CepMe (1910) has 
shown that the astomotous ciliates are not monophyletio 
in origin. Thus, the simple Anoplophryide are not closely 
related to the more complex JIaptophryids, although both 
are astomatoos dilates. 

Scarcely any work has been done «n the neuromotor 
Rjrstem of the Anoplophryidm except that of Tohang (1931) 
who gave a brief description of the snperflcial fibrillar 
system of Anoplophrya brasth Ijcger and Duboseq. CheJs- 
sin (1930) figured a silver impregnation preparation of 
StesnilfUa roitrata BossoKmo of the related family Hopli- 
tophryids. No other work on the fibrillar system of the 
Aatoinata is known to ns. 
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fiecanno of the relatively aioiple structure of the aato- 
niatouH (-iUatoA their ayAtenialirH haa been in a atate of 
confusion. The latest uxteiidod work on this subject is 
that of lieidenreieh (1935) This author places in sy- 
nonymy with A. IttMbttct (Hchriuik) several later described 
species of Anaplophnja, iiieludiilff A. allurt CepMe, A. com- 
plfintita Russoliiiio, A. tnari/landcHsm Conklin, and A. sp. 
Ekseiiiplarskaja He eomudered the commonly accepted 
iiiiiiie A fifriti/a Dujardiii aa u synonym of the earlier A. 
Ivmbtin (Sehrauk), which name will be obed in this study. 

Mbtuoos 

Anopluphff/a Ivmhrm (Hehrank) «as found in abun- 
dance in Orlojflamuin cyaiuvm (SaviKuy), a species of 
earthworm collected from the banks of Strawberry Ooek 
in Berkeley, Californiii The earthworm was identified by 
Luther C. jMtiiian, of Soattle, WashiuRten, to whom we 
wish to express our appreciation. Anoplophrya lumbrun 
has not been previously reported from this host, altbon^h 
it occurs in several other Kcnera of the Ltmibrleids. 

The eiliatcs occur in the anterior part of the intestine 
in considerable numbers. Seveuteon of 21 or 81 per cent 
of the worms of this species examined were infected with 
Atwplopbrya lumbnct, both iniiimturo and mature worms 
beuiK infected, os a rule. The very small worms, below 
two luebes in lenKth, were usually free from infection. 

In studymK the living oiliates a small amount of physio- 
logical saline was added to the digestive fluid eontauiing 
them. Ill preparations within vasoUiio rings they live for 
several hours. Neutral red was useil as a vital stain in 
stodying the morphology of the living organisms. 

For poniianent preparations sinenrH of the intestinal 
contents were made on cover slips, and fixed in Schan- 
dinn’s, Bouiu's, Flemming’s, Ch^py’s, or Susa’s fluid. 
Ilcidenhaiii's iron-hiematexylin was used as a stain in 
cither aqueous or alcoholic solution. Klein’s (1926) silver 
method and a modification of Gelei’s wet silver method 
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(Hainmoiid, 1937) were uaed for silvor impregnation prop- 
aratione. Material fixed in Sohnadum’s or in Flemnung’H 
flnid was etained with aqnoons iron-luBniatoxyLin for oxam- 
ination. 

Qxiteual MoarHOLooT 

Anoplophrya lumbrtet is elongate-ovoidal in shape and 
flattened dorao-ventrailj (PL 1, Fig. 5). One hundred 
■peoimona averaged 54.1 p by 22.3 p with a range from 7G.0 
by 28.5 to 39.9 by 16 1. The body is widest in life towards 
the anterior end, but in fixed apeeimeua nearer the middle. 
The anterior end le more narrowly rounded than the poate- 
rior one. Although the orgauisiu is relatively simple In 
atmctiiro it haa differentiated dorsal and ventral Rurfaoea, 
and right and loft aidoe. Tho ventral surfaco is slightly 
concave and has fewer rows of cilia than the convex dorsal 
aurfooe. The anterior end is a trifle widor than tho poste- 
rior and diatinguished by tho prosenco of the snturo of the 
ciliary lines (PI. 1, Fig. 6; PL 2, Fig. 1). The throo con- 
tractile yacnoles are on tho left side of tho body and the 
uiicronnolouB on the right The cilia arc fine, very nu- 
merous and arranged in closely-set longitudinal rows. 
They are relatively long and nearly niuform throughout, 
with an average length of 11.6 p, nearly half the trans- 
diameter of the body. 

In fixed material tho eotoplasin consists of a relatively 
thick peripheral homogeneous layer lighter in appearance 
than the endoplasm and separated from it by a distinct 
boundary (PI. 1, Fig. 1). There ia a slightly denser or 
more deeply staining region near the posterior end of the 
suture line at the region where the cytostonio and pharynx 
occur in stomatoue (hliates. In life a slight depression in 
this region may be detected. Tho endopiosm varies in ap- 
poaranoe aooording to the fixation used and the condition 
of the organism. Thus it ranges from a homogeneons con- 
dition relatively free from viaible inclusions to a reticnlar 
or alveolar etmoture with nmnerona formed bodies In it 
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Tlio uiacronnclenB is rod-shaped, lien in the sagittal 
phuip, aud extends through throp-fourths of the total length 
equidistant from the two eiide (PI. 1, Fig. 5). In flxed 
material it has an irregular angular contour and is eur- 
ruundud by a clear aouc. Mince these features do not ap- 
l>ear in living orgaiiisiiis they must be an artifact of tho 
process of Oxatioii. The tnicrouucleus is a relatively small, 
ovoidal, deejily stuniing strurturu located midway of the 
length, but dispbiccd toward the right side near the margin 

The coiilructile vacuoles are located ou tho left side of 
tho body near tho margin They are usually three in num- 
ber, although just pnor to division they increase to from 
four to six, and each daughter sobizont has two or three 
after flssion. In physiological saline solution tho oontrac- 
tilc vacuoles do not discharge their contents hnt gradually 
incroase in size until tho death of the organism. Each vae- 
uolo has a short, clearly defined caual lending to the ex- 
cretory pore on tho left dorsal surface (PI 1, Fig. 3). In 
wet silver preparations these pores can be plainly distin- 
guished. The pores of tho dififerent vacuoles are all situ- 
ated in one parasagittal plane botweeu the same two rows 
of cilia, or in tho two adjacent intervals. 

Movbmxntb 

Anoplophrya lutnbrici lives in the viscous fluid content 
of tho intestine of the oarthwonii and to make its way 
through thin medium a powerful system of loonniotor or- 
gans is requiicd The length and abundance of cilia arc 
fuetora meeting this requirement. In physiological saline 
the orgaiuHin moves very rapidly, but naturally moves more 
slowly in the denser medium of the undiluted digeetive 
fluid. 

Tho direction of progression is nsnally straight forward 
in line with the major axis, either with or without rotation. 
Tho rotation may bo either clookwise or anti-clockwise. A 
peculiar mode of looomotion occurs ocoosionally, at whloh 
times the organism changes dirootion and advances for a 
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Bhort distance in a sidewiRe fashion, puRnibly a relict or 
modified reaction. For study of the ineobanisni of move- 
mont thti ord'aiiisiiis woi'O retarded l>y sodium amytal and 
by the preparation of smearB several liours before nse ho 
that the movement was not so rapid us in frcHbly prepared 
mounts. The orKunisma are much more sensitive to so- 
dium amytal than ara frec-lmnK forms such as Hpirosto- 
nam feres and Ruptotfs patella 

Faure-Freiiiiot (1908) in studying A. btriain observed 
that the cilia move in mctachrome waves comparable to 
thoso of the cilia of epithelial cells This was confirmed 
by CepMe (1910) in his studies of A. alhiri lie found in 
organisms slowed down prior to death that definite ciliary 
waves could be seen progiessiug from the posterior to the 
anterior cud of the body. Ukseniplarskaja (19dl) alho 
noticed this wavc-like motion of the ciliii Because of the 
length of the cilia tins shows very beautifully in the species 
we have examined. 


NEunuMOTon Bystsu 

This system eonsists of the cilia with their busnl gran- 
ules, tho superficial fibrillar system consisting of the pri- 
mary and secondary longitudinal fibrils luid their cross 
commissures, the sutural fibril, and tbc di'eper lying nioto- 
rium with pharyngeal and internal projections, indicative 
of fibrillar organs. The rows of eilia are ubont CO in num- 
ber arranged longitudinally over the entire surface of the 
body. Tho number was detei mined by a count of rows on 
specunons prepared by the wet silver method, by wbiuh 
means tho basal granules of tho cilia are made clearly vis- 
ible along all tho ciliary lines The rows of cilia are paral- 
lel, converging towards the ends of tho body. They fall 
into four regions as to spacing, namely the dorsal, ventral, 
and two lateral regions. The dorsal region has 30 equi- 
distant rows and the ventral 20 In about the same space. 
In the two lateral regions there are 5 more closely set rows 
(PL 2, Figs. 2, 3 and 6) along each lateral angle. These are 
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on the marginB of the elightiy ooncave ventral surface and 
uro adaptations for attachment to or gliding over the sub- 
strate formed by the intestuial cells of the host A com- 
parable adaptive differentiation of ciliary linos on dorsal 
and ventral snrfacaa occurs in Farachttnia mf/ae (see Ko- 
foid and Bush, 1936), a parasitic ciliate from the gills of 
the clam, in which the cilia of the ventral surface are much 
shorter but the lines more closely sparod than on the dorsal 
region. 

It was imjiossible to determine whether or not the num- 
ber of rows IS unifoniily constant m all individuals beoausc 
of the difficulty of counting them on tho margins of the 
body. It would be expected that, since at binary flssiou 
each daughter is snppUed with tho same number of rows 
as the parent, tho number of rows would be uniform in ail 
mdividnals of tho species. In condrination of this expecta- 
tion, six individuals which were more favorable for count- 
ing showed exactly 60 rows of cilia. However, on some 
other loss favorablo specimens there was a variation of 
ono to three rows in our count which may have been due to 
the above-mentioned difficulty in counting all of the rows. 

Conklin (1930) in investigating Anoplophrya mary- 
lufidensts which Hoidenreieh (1933) lator assigned to the 
species iumbrtei, counted 31 to 45 rows of cilia in flve spoei- 
meuB examined. This is a lower number and a much 
greater range of variation thap wo obtained with the cili- 
ates with which we were working. In homatoxylin prep- 
arations tho rows are not so clearly differentiatod as in 
silver preparations, a condition which might load to more 
seeming differenoea fai nnmber. There are alee the possi- 
bilities of Bpecldo dlfferonoes and that Heidcnreich was in 
error in Inolnding Conklin’s species in A, lumbrici. 

Tho sntaral Bne near the anterior margin of the ventral 
surface of the body is the region at which all of the 60 rows 
of dlia originate. Rach one of these rows, with the excep- 
tion of the flve closely-set ones on eadi lateral margin, oon- 
tinues without interruption around the posterior end of the 
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body, turning anteriorly to end again at the eutnre. The 
flvo lateral rowa on each aide paaa poateriorly from the an- 
teriorly located antural lino and end near the poaterior end 
without tnniing anteriorly or acquiring any other terminal 
conneotiona. To the right of tho median line the auture 
makoB a rather abrupt sigmoid curve posteriorly and then 
continues to the right margin of tho body, resulting in n 
small elongated comma-shaped area of tho ventral surface 
being covered by lines continued over from the dorsal sur- 
face (PI. 1, Fig. 6). Near the right end of this area, 
namely, the right anterior ventral surface of the body, 
occurs, a shallow depression, visible clearly only in living 
organisms. This depression was described by Ilcidenreich 
(1933c). In our studies it does nut appear so deep nor so 
extensive as described by him. He regarded it as an aid 
in attachment. We interpret it morphologically as the 
remnant of the ancestral eylostomc but have no evidence 
that it servos as a sucker for attachment. Tho ciliary linos 
on the ventral sarfoee are bent slightly toward the right in 
the left anterior region of the body, and this is correlated 
with the presence of the depression in this area. The rola- 
tions of the anterior sutural fiber, tho overlapping of the 
doraal fibrils onto tho ventral surface, the dextral curva- 
ture of the anterior ends of the ventral longitudinal fibrils, 
the donsor cytoplasm, aud the superfioial depressiou all 
combine to support the view tbot this is the region where 
the cytostome of the ancestral holotrichous ciliato was 
located. 

SupxnnciAL PiBtiii.LAH Ststbm 

The surface of the organism is transversed by alternate 
longitudinal ridgea and furrows. The longitudinal rows 
of oilia coincide in position with tho furrows, from the bot- 
toms of which the oilia arise. Tho basal granules of the 
cilia are located within the layer of ectoplasm. From the 
basal grannies dliary rootlets extend inward to join the 
sabjaoent primary longitudinal fibril sitnatod jnat periphe- 
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rally to the boundary between eetoplaHni and endoplasm 
(PI. 1, Fik- 1)- O^p^le (1910) saw tho basal granules and 
eilinry rootlets of Auuplophrya nllurt, but &how9d thorn as 
passing inward to the eiidoplaain with no further connec- 
tion Thu flbnl ounnecting the basal granules in tho same 
longitudinal row will hero be designated the primary longi- 
tudinal fibril This shows indistinctly in the silver prep- 
arations but is espeeially well difTerontiated in tho Flem- 
iniiig-haiiiatoxylm preparntionit, in which it appears as a 
distinct line beneath the basal granules. In these prepara- 
tions the eiliary roollets conn<‘cting tho basal granules to 
the primary longitudinal fibril are also clearly seen. In 
silver impregnations tho sapeidleial structural elements of 
the organisms are well shown. In these methods, particu- 
larly m the drying method of Klein, the pattern of tho sur- 
face contour of the organism often influences tho results 
obtained (Lund, 1933). Tliu contour and contour lines 
niust therefore be takeu into consideration in interpreting 
these preparations. The wet silver preparations show a 
more regular pattern of superficial structure than do tho 
dry silver ones beeanse the distortion from drying is 
eUininated 

With the silver iinjireguation methods the primary lon- 
gitudinal fibrils are only indistinctly differentiated, but the 
secondary longitudinal fibrils are more clearly shown. 
These run between each two adjacent primary ciliary rows 
with their primary fibrils Cross commissures connect 
each secondary fibril with the primary fibrils on either side 
of it (PI. 1, Fig. 4; FI. 2, Figs. 2-6). Thuy are somewhat 
irregular m occurrence. On the right side of each sec- 
ondary fibril (here arc cross couimissurcs connecting it with 
the primary fibril at intervals of from 2 to 4 basal granules. 
On tho left side these comiulssures are only about half as 
frequent. The secondary fibril does not run down midway 
between ciliary rows, bnt slightly to the left of the middle. 
It is significant that the convex ridge which occupies this 
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area is also aliKhtly to one eide, and thua coiuckIpb in loca- 
tion with tho Hocondary flbril. The uceondary flbnl and 
cross commissures arc therefore related to tlie suifare con- 
tour and for this reason they are shown to better ndvaiitagc 
with tho silver inipreffuution methods than are the primai-y 
flbrils. The snpuTtieial tibrillur svstem is visible also in 
spoeimens stained by the aleoholie liffiiiutoxylin inctboil. 

Tho primary fihrils, beeause of their ]>nsili(in and rela- 
tion to tho cilia, undoubtedly funehoii in tho eoordinatiou 
of tho sequences of eiliarj' iiiovoiiieiif within each of tho 
lonfdtudnial rows. The cross eomniiHi>iiu>s and secondary 
flbnls taken together serve to cuiniect the adjacent rows of 
cilia through the pninary ttbrils nad thus aie niorphologi 
cally suitod for the function of lianaxeise coordination of 
tho ciliary iiiovornents along tho ciliary liiicN m successive 
waves. The secondary Abiilg aro related to tho paltern of 
surface contour inasmueh as they follow the ridges between 
rows of cilia, hut their priiiiury relutioiiship is with tho 
fibrillar system through the cross eoniiiussures. 

The anterior soturol fiber crosses the anterior end of 
the body on tho ventral surfaeo m n flat sigmoid carve, 
which curve origiuates ou the right margin at the region of 
the degenerate eytostoinul deprussiou Thu fiber termi- 
nates on the left margin where it is joined by the group of 
5 crowdod lateral longitudinal fibrils. All of tho primary 
longitudinal fihrils take their origin from this fibril Those 
of the ventral surfaeo pass imiuediatoly posteriorly. Those 
of tho dorsal surface arise from the sntural fibril on the 
ventral surface, pass anteriorly to the anterior margin 
where they turn over its edge to continue posteriorly (PI. 2, 
Pig. 1). Connection of the snperfielal fibrillar system with 
the niotoriiim is established by a continuation of the sutural 
fibril transversely through the ondoplnsni to the deeply 
placed tnotorium. Since this fibril lies beneath the surface 
of the organiani it does not show in the silver preparahons. 
Also, booanse of its deep-lying position it shows well only in 
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favorabljr differentiated hsmatoxylin preparations. Thle 
anterior sutural fibril oonneots with all of the primary lon- 
ftitndinal fibrils, and thus ts interpreted as having the 
function of coordination of ciliary movements of the 
organism. 

The motorinm is an elusive structnre detected only in 
specimens stained in iron iuematozylin and decolorised 
with care. It cannot bo demonstrated by any silver method 
and its absence or questionable 'presence in some hsmatox- 
ylin preparations may be duo only to artifact. There is a 
possibility of varying degrees of degeneration but it does 
not seem possible to establish this. When demonstrable it 
is a small deeply staining subquadrangnlar body, placed 
transversely, embedded in the endoplasm at the level of 
the cytostonnnl depression and of the right end of the sig- 
moid curve of the anterior sutural fiber. It lies deep in the 
endoplasm at the right ahd above the anterior end of the 
inacTonnclone. This is precisely the region where the an- 
cestral pharyngeal wall would have been located and tho 
motorinm would then lie at some pomt on this wall, pre- 
sumably near the inner end of tho pharyngeal cavity. 

From the angles of this deeply staining structure three 
distinct fibrils can be traced, llie subtransverse one from 
the right lower angle runs to the right margin in the region 
of the cytostomal depression (which is obliterated in fixa- 
tion) where it is continued as the anterior sutural fibril 
No fiber has been demonstrated emerging from the upper 
right angle. The two angles of the left end of the moto- 
rium each give rise to fine fibers which are quickly lost in 
the endoplasm. These two struetnres are horoologons to 
the "postpharyngeal bundle" and other pnnamed small 
fibrils entering tho endoplasm from the motorinm in Nycto- 
therua hyla and the anterior saturol fibril to some one or 
several of the pharyngeal fibers of the complex pharyngeal 
system of that species (Bosenberg, 1937). 

As is to be expected, the neuromotor system of Ano- 
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plophrj/a is ninch §impl<>r thou that of the more complex 
Protocoa. It couBiets only of the inotoriuni, the anterior 
sntaral flbril to which are attached the primary lonffi- 
tudinal fibrils ninninf; alon^ the ciliary rows and Borviiig 
to link the cilia in an integrated syRtom, and two endo- 
plaeniic fibrils. The complex pharyngeal fibrillar syHtcm, 
in structural relationship with the pharynx, which we might 
expect the stomatous ancestor to have had, has degenerated 
along with the cytostome, leaving as a distinct structure 
only the anterior fibril and the motonnui to function us cen- 
tral coordinating elements. The motonnm persists in the 
endoplasm at what may have been its loeation in the an- 
cestral holotrichons ciliato 

The simplifioation of structure as a result of the para- 
sitic mode of life has progressed further in duoploplirye 
than is the cose with llaptophrya, which has a relatively 
oomplex neuromotor system (Bns^ 1934) asNociated with 
a sucker for attachment. Another possible explanation of 
the difference in complexity is that the free-living ancestral 
form from which Anoplophrya is denved was simpler in 
structure than the ancestor of Haplophrya, and neither 
Anoplophrya nor its ancestor evolved a sucker as an organ 
of attachment 

The presence of a simple ncuromotor system in dito- 
plophrya is correlated with its lack of diversity iu modes of 
progression. Sneh forms with complex nonromotor sys- 
tems 08 Euplotea have a senes of diversified and nnifonnly 
adhered to types of movements. On the other hand, dno- 
phphrya with its simple neuromotor system, as would bo 
expected, has no such consistently followed and varied pat- 
terns of movement 


Bisabt Fission 

During division the mnoronucleus is halved between the 
two daughters without undergoing any demonstrated elab- 
orate prooess of reorganization. Heidenreioh (1935b) has 
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degcribed m aatoniatona riliateB such a process which Is not 
nocessarily connected with binary fission. This process in- 
volves a serioB of divisions of the micronuclens end a re- 
plaromcnt of the old macronnoleus t)y one of tho prodnets 
of these divisions AcoordinR to the description of llei- 
dcnroich the products of the last imcronuclear division fuse 
QRain to form the definite niicronucleue. Tho whole proc- 
ess IB termed partheniigenesis by him. 

Although it was not possible in the present study to 
follow out completely, the process of reorRanization in A. 
lutnbrtci, several staRos showing, respectively, the early 
stage of the new niacronuelens, its Rrowth to tho definite 
size, and the breakdown of the old niaoroiiucloas, wore scon. 
This portion of tho process of reorganization observed by 
us conforms to tho description of llcidenroioh. 

This process in Anoplophrya and related forms is pecu- 
liar in that it is not of neci’sstty linked with binary fissiou, 
encystiiicnt, or conjugation os is the case with most of tho 
other clUates which have been thoroughly investigated 
(Hammond and Kofoid, 1937). However, this process of 
reorgamzation may be considered to be a basic phase of 
tho life cycle in itself, somowhat comparable to ondomixis. 
Hiiice there is apparently no reorganization of tho mocro- 
iiuclcus during binary fission the organism must undergo 
a gradual senesoencu until the resorption or "death" of 
tho old macronuelous and its foplacement by a new one 
dnnng the process of reorganization (Kofoid, 1923, 19.36) 
The mieronnclens undergoes a form of mitosis, tho details 
of which wore not worked out in this study. 

In the process of binary fission provision is made for 
division and oohsequunt doubling in number of the non- 
romotor organolles. Tho first evidence of the series of 
changes by which this is accomplished is a rearrangement 
of the fine ciliary lines at the lateral margins of the body. 
At the site of the future plane of division, the transverse 
break occurs across the middle members of these two 
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gruupH of cIoHoly placed lateral ciliary linoa and the ad- 
jacent linee then bond in toward the clear area thus devel- 
oped (PI. 1, Fig. 4). The elTect la siniilar to what would 
occur if a pinching-m had taken place at this region Thi<i 
change ia the beginning of the i earraugement of ciliaiy 
liiiea to form a posterior end for the anterior daughter and 
an anterior ono for the imsterior daughter. The trana- 
verse break in ciliary lines then develops around the entire 
circuniferencc of the organism at the sito of the future 
])lanc of division This rosults in the formation of a trans- 
vorsc furrow which marks the place at which the daughters 
will he separated. 

The nature of this lino of demarcation is of considerable 
interest In lueniatoxylin preparations it appears as a dis- 
tinct and contiuuons deeply staining transverse line. This 
line was noticed by tlepMu (1910) during binary Hssion in 
J, alluri, by Bossoliino and Perzowa (1929) in Protoradi- 
ophrya and by Ekseniplnrskaja (1931) in Anoplophrya sp. 
In wet silver method preparations a furrow in the ecto- 
plasm is visible running tiansversely through the plane at 
which the ciliary lines are hioken. This break in continu- 
ity of the ciliary lines ia made more apparent becauso the 
free ends of the ciliary lines anterior to the break art' dis- 
placed toward oiio side. It is possible that the line repre- 
Bonls a condensation of the ectoplasm, a condition due to 
local contraction. 

In the later stages this ectoplasmic depression grows 
inward into tho endoplasm as a wall, forming an incomplete 
partition lietwecn the two danghtors. In stages just prior 
to separation of the daughters this extends inward almost 
to tho macronncleuB. 

This formation of an ectoplasmic plane of demarcation 
and its ingression as a partitioning wall resembles the lo- 
calized cortical ingrowth in division of amphibian eggs 
(Schochlman, 1937). The ectoplasm of tho ciUate might 
be compared to the cortex of the Metazoan egg Althongh 
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detaUB differ, there ia in both ceses growth from the surface 
inward along the plane of division. Schcchtnian assigns 
this growth to the category of sol-gol phenomena. 

In the process of binary fission in ciliatos two new sots 
of locomotor systems are organized with the inclusion of 
the continuously functioning parental system on either side 
of the plane of fission. The cilia are increased in number 
before, during, and after binary fission so that the two new 
individuals resemblo tbe parent in respect to this system 
of organelles, although bo^ the transmitted ancestral parts 
and the newly organized parts have coitain differences in 
relations in the two schizonte in polarity (as a whole), in 
morphology, and in fnnction. In Anoplophrya the process 
of increase in number of cilia occurs chiefly, if not entirely, 
dnring the process of binary fission. In wet silver prepara- 
tions it ia seen that, during the first stages of this process, 
the ciliary lines on either side of the future plane of divi- 
sion become noticeably thicker dne to increase in fibrillar 
substance. Slightly later the basal grannies of the cilia in 
this region show a zigzag arrangeuient indicating a process 
of mnltiplicahon and a pressare of expansion of the fibrillar 
structures. It is of intBrost that the process of mnltiplioa- 
tion of cilia is localized in the middle region of the body as 
in PaTamerium (Gclci, 1934) and in the sensory bristles of 
EupMes (Hanunond, 1937). 

The questions as to what extent, if any, dedifferentiation 
occurs in tho ancestral neuromotor system and if so how 
the motorium and sutural line behave during binary fisaion 
remain to be solved. 

It IB a matter of great interest that the motorinm, the 
fibril from it which integrates the entire ciliary system in- 
cluding the peripheral fibrillar net, and the cndoplaamio 
Abrils persist after the oytostoroe, pharynx and its spe- 
cialized fibrillar ciliary struoturez have entirely dlaap- 
I>eared. This persistence is indicative of the fundamental 
integrative function and morphological significance of the 
nenromotor system and especially of Its motoriam. 
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KXVLANATION OP FLATK 8 
Pl^TB 1 

All flgurM of Juf^lopkr^ iMmhnd (firhmnh) drawn with ramorA ludda 

PlQ 1 riagrammaHr nketch of otrurturc of the eortleal tAfor of ejrto- 
pUum. Tbo onter llgtator layer roprewnia ertopUem, lu the mlildle of wMch 
aro rubeildeU tho hfleel grBiioli>n of llie dlln From the beiaJ graunlra elUary 
rootirta extend Inwftrd to tho primary ifmgltudiBAl Abril lying Juat peripbeiml 
to tho bouodary betwiwa ertoplaam anti miloplann X 2400 

Fio S Proni wot allTer method proparatlnn of an liullvldnal in tho parly 
stfige of binary flaaion ahowlag the mrrangentpnt of the rlUa In thp fire lateral 
rowa at thr le%el of the future plane of dlrlalon X X140 

Fio 3 Outline ahowlng oontraetlle TBenolea with tbelr earretory eanala 
VndiBg to tho ]»or<vi on tb# doraal aurfarc of tbo orgaiiUm X 920 

Fio 4 A portion of dhrlifnr ayatom ahoaing rowa of baaal grannliw. 
priouary longltudlual flbrlla ronopeting thnn, aorondurv lougltudlnnl Abrils 
running bptwpvu the rowa of the baanl grannlea, and the ernaa eODunlaaurna. 
X 930 

Fio 6 Doraal riew of a epodmen fined In Champy’a fiuid aotl italnpd 
with Iron hematoxyllo, ahowlng oontractUa Taeuolea, nlcronodroa, and maero- 
iiurleuL X 980 

Fig fl Ventral vkw of nsteriwr end of n apoptmeu flu»d In di-impyb 
fluid and atnined with Iron hwinatoxyliu Anterior antural Qbril and piiiunry 
iongihidlnal flbrlla of the doranl and central anrfaeea wMeh oonnprt with It 
nre oLonji, the formor only aa they eooic oTpr upon Ibr ventral aarfarr X 1940 
Fio 7. Ventral ih'W of anterior oqd from a ppeelmon nnod In Rrhan- 
dian*B fluid ami atnlnod with Iron-hmuatoiylis Juat antrrlor and laterally 
to the mm roQueleua ia the motorlum with 4 flbrli ruunprtiag it at the right 
with (ho antoTlor antnrml llbriL Thera are alio two flbrlla given off from 
the loft end of the uiolodum which end blludly In thfl eudoplaen X 1940 
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Pbotoolmffnpks of Anoptopkpra fumhriei (Sokmak). tiikCB bf Mr J JB. 
OolibMg. 

Flo !• Pbotonirrogropb of drj gilver DwtlMid ptopomtloa ibowlfig tniim 
at anterior oo<t X 5A0. 

Tia 3 PhHamUrotpnfA of 4ij slivsr mrtbod prepsralkn) ibowlBf bus) 
grannloa of tho ^lla, pHoiarj aiid laeMidiiry kagUndlnA] flbri), tJid eroM 
oonmiiouroa. X 

Fio 8 Photomlerognpb of dij MIoor motKod proparsUn tbowiog baial 
grmnnlM of elllt, prtoiarj ibrili anil lotpral rogliiu of oiowded cllUij 
rovt. X BKS 

Fid i Raiae ■■ fg 2, at • bigber ougsHkiitliio- X 

Fi 0 5. Photoinl«roffSph of doiiial furfoeo In orot illfor mothod propsra- 
tlcm. Noto tkfl gnmter regalaritj of psttern of tbo ftbifli ud rowi of banl 
gmniilN. X tB8> 

Fm. ff. Photomlrrofreph of TontnU ■orfnea of ipodnoB in wot Mlrar 
metbod propnradon. Note dvo elowlj plafod NflOe pf elHa at dtker fide of 
the 80 TONlcsl rowf of baeal fisaiiln of cdila. x dU. 
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THB BLOOD VESSELS OF THE BBAllI SUBSTAlfCE 
IK SOME AMPH1BIAK8> 

1. HORES CRAIOa 

Depirtiiiefit of Biology, TTnlTonStjr of Toronto 
(/fttfOdMAl frf Eonry H DoiulAiom) 

Abctiac? 

In Hirtiurmat ^ryp/o^rondtu, THfnrno, nsd Pleihodo^, (ho orntnl n^rvuni 
tUfiM 1 m nsroUrUiid ontlroly by tloodfir loopo wblrh rite InilopondonLlj from 
the monlogonl rniioulum Thono rany bruirh by lecondMry looping bnt the oAplI 
larfoi iiffrrr ranl^ MRurtoriKiM. 

In AmbyrloMM, ilnlUr bwpR iiro WBorUtod with n vory ilmple cnplllaij 
network. Mini brtng lodopondeiit of tbo ktUir, othera ronncr^ with itn 
maohOi Tho notwork !■ rappllod by j)erlphen1 bat not rentrnl nrtaiioi. Amby- 
tt^ma If thai Intflnodlato In Ihli renpoet botwMn tbo other CnndAtn stodlcd 
nnd tho frog. 

lioopt oemr only U the eentxil norroui organn 

The frog hno no CMplOnry loope and the broln and eplnal cord are T*a 
mlaiiaod enttraly by a epongy retlealum more romplicnted than that la Aii»h|r 
etofM aod alndlar to that In other Uanioa. The network la the modolla ob 
longaU and tbo cord li MuppUed only by ronlrml arlorlon, In the mt of the 
brain baaal arterlen proponderaie but peripheral arterleo alao oernr 

OaHbor of tha oapUlarlei In larg^ iargont In ^<*r<vniM It la nnoally larger 
In one limb of a loop than la the other but the loopo do not dlffor nlgnlllenntly 
from tbo network in Ambystoww In Iblo roopoeL 

GvldeBee ai to phylogeny lo Ineoaeluilre but leeinM to faronr prlmltirenoio 
of the capillary loopa. 

Ik the year 1882 SohobI publiahed a deiicription of the 
blood voBHeU of the brain and apinol cord of Salatnandrn 
tnarulota, in which he reported that neither arteries nor 
veins enter the substance of the central nervous system, 
bnt that such vessels branch only upon the surface, in the 
pia mater, and send into the interior of the organs only 
simple, unbronched capillary loops The same condition 
ho found also in 7rttoM, Protetu, Ambjfstoma, and Mcno- 
branchits. 

> laSMUgstloa Mitir np|Mirt«d Vj a gnat tnm tha Faaraaa foad ot lha 
AwarUaa mioaapliMal Sodatr- 

neoasDoraa ov tbs ainiiea> panxworairiL aoamr, 

VOL. 7^ ao 4, vaaOB, IMS 
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Sterzi ( ’04) Btndicd the vessels of the spinsl cord, par- 
ticularly in Triton and Sdtamandra, and oonflmaed fully 
the above statements of SobdbL Ha states that the ar- 
teries of the cord break into capillaries at the surface and 
these suddenly turn inwards, mostly in a radial direction. 
Most of them reach the gray matter, then suddenly turn 
back without change of caller and return to the surface 
close beside the arterial limb of the loop. Sometimes the 
limbs arc twisted together spiraliy. Host of these loops 
enter from the dorsal half of the surface of the cord. The 
arteries and veins on the dorsal and lateral surfaces are 
connected only by such loops but those on the ventral aspect 
frequently are connected directly on the surface. 

In contrast to the agreement between the two authors 
just quoted was the finding of Boofe ( ’35) in Amhifstoma 
hffrtnnm, where he states that “The curions simple oapil- 
lary loops and arterio-venous anastomoses described by 
SchSbl do not exist in our speciraens, and his account 
was probably based on poorly preserved materiaL” Her- 
rick (’35) writes, “As described by Boofe, the arteries of 
the brain break up into a capillary net which pervades the 
nervous tissue and the chorioid plezases.’’ 

In view of the diametrically opposed nature of these 
statements and of the consideration that such divergent 
observations could hardly be attributed to differences in 
technique, an examination of injected brains of a number 
of Candata was undertaken. 'As no detailed aooount of the 
intracerebral vcesels of Solientia was found in the litera- 
ture, a comparative study of the brain of the frog was 
also included. 

hCATIBIAL AMD MiTHOOS 

The species to be studied wore selected so as to repre- 
sent five families and four suborders of tailed amphibians 
besides one spe<^ of frog. 

Preparations satisfactory for the purpose were ob- 
tained from the following animals, which were adnlta In 
all oases. 
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Order Gandeta, Snborder Protoida. Family Proteide. 

Nechtrua mactiloaua Raf. (2 epeoi- 
mene). 

Snborder Cryptobrandhoidea. Family 
Cryptobrandhids. 

Crffptohranehiia alleganxenais (Dan- 
din) (7 specimenfl). 

Snborder Salamandroidea. Family Sal- 
atnandridip. 

Trttunta virideacens (Baf.) (4 eped- 
mens). 

Family Pletbodontidff 

Plethodom ctHereva (Green) (2 epeei- 
mena). 

Snborder Ambyetomoidea. Family Ara- 
byatomida. 

Ambyatoma maculcrfum Shaw (3 
apecimeus). 

Ambyatoma jefferaomanum (Green) 
(3 apooimena). 

Ambyatoma tigrinum (Green) (10 
apecimene). 

Order Salientia. Family Banids. 

Sana pipiens Sobreber (10 apeoi- 
mena). 

AnibyatowM hgnnum la repreaented by fonr apeoimena 
from Manitoba and aiz obtained from a ChioaEO dealer. 
The latter were rooeired in two lota which differed mark- 
edly in external appearance. For corapariaon, two bralna 
of ^e lamprey (Patromyeon faannva), aeveral of the tnrtle, 
and variona mammalian apedmena were available. 

The animala were killed with illuminating gaa, amyl 
nitritOi or ohlorofonn, or nanally with oombinationa of 
theae and were at once opened and injected with carmine 
gelatiu from the heart, the aorta and brachial arteries hav- 
ing flrat been damped or tied off. Immediate injeotion was 
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found in this laboratory to give better resulta than delayed 
injection. The preaanre waa gradually increaaed to a max- 
imum varying in different oasea from 150 to 300 mm. of 
mercury, 200 or 250 nun. being most frequently need. 

The neck waa ligated and the brain waa partly exposed 
inunediately after injection, being then at once immersed 
In 10 per cent formalin. Later, it waa diaaeoted out and 
was eventually imbedded in oelloidin and ont into aerial 
Iraneverae aections. In the caao of the frog, one series was 
cut ooronally and one aagpttally. In moat senea each elev- 
enth aoction waa either 150 or, more usually, 200 pi thick, 
while the intervening sections were 20 p, thick. These were 
mounted aa complete aeries and lightly stained with piorio 
acid. 

OasxBVATionB 

Neclurus 

The internal vessels of the central nervous system of 
Neotvnu conform with Schobl’a description of those of 
Salamandra. They have the form of simple, elongated 
loops mostly disposed in a ron^y radial manner (Figs. 
1, 9, 10). Many, but not ail, roach the central gray and 
penetrate it to varying depths. Some turn back soon after 
entering the gray matter, while others reach right to the 
ependyma, and very oocosionsl vessels seem actually to 
pass among the cells of the latter layer. 

The arrangement is essentially the same in both the 
apinal cord and the brain. 

The two limbs of a loop always lie close together and, 
aa observed by Bterri, the loops are usually twisted spirally 
to some extent, not infrequently to that of a complete turn 
or even two, In these spirals, one limb nsnally remains 
relatively straight while the other is twisted round it. 

The course of a loop wi^n the tissue is not usually 
straight, but rather is curved, bent, or somewhat undulat- 
ing. Occasional loops have even a hooked shape. As they 
follow these Irregular courses, tiie dlstanoes between timm 
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vary conaiderably, but they are in general scattered 
through the tissue in a manner approaching uniformity 
(apart from definite regional differences in fregnenoy). 
Never do two loops approach each other so closely that an 
anastomosis might be overlooked on account of faulty ob- 



Fid. 1. Freebu4 drawlnp of eapUUry loop# la ib# brain of Nvatunts aeleetod 
to TarloiH dofreet of twljitlog and branehiig 

servation or defective injection. Never does a single ves- 
sel appear cut off in a seotioa without its companion, except 
in the occasional oases whore the extreme tip of a loop or 
a tangential slice of one limb is isolated. Iliere is not a 
single trace of anastomosis within the substance of the 
central nervous organs. 

Not infrequently loops are branched, as shown in fig- 
ure 9. This branching is produced by the formation of a 
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secondary loop from one limb of a primary one. The sim- 
ple twis^ loops often show a rather sharp tnm of one 
limb at a particular point and it seems probable that 
branching has been accomplished by an extrasion of such 
a sharp tnm to form a short loop, vhloh may then become 
more or less elongated. Examples of what appear to be 
varions stages of snch a process, as illnstrated in fignre 1^ 
may readily be picked out. In no case was there observed 
a branching of the capillary composing a loop. 

Not only are the capillaries within the central nervous 
organs all disposed in the nnconneoted loops jnst desoribed, 
but that arrangement appeara to be oonflned strictly to 
these organs. The capillaries in the roots of the olfactory, 
trigeminal, and facial nerves whirii appear in the same 
series of sections run singly, branch, and anastomose to 
form large-mesheil, three-dimensional networks (Fig, 9). 
No vessels were found in the snbstance of the optio nerves. 
The nenral portion of the hypophysis has a network of 
wide vess^ which, however, is only the snper&oial reticu- 
lum infolded between the convolutions of the infundibnlar 
wall The epithelial portion of the hyimphysis has wide 
capillary veesels disposed in a dense spongy network, while 
the wall of the infundibnlnm and the most oandal part of 
the hypothalamus lack vessels within their substance. The 
rest of the hypothalamus has loops Identical with those 
elsewhere in the brain tiasne. The nodus vasonlosns and 
the ohoriold plexuses have highly developed reticula. In 
none of these networks were there detected any traces of 
loops or of anything which could be recognised as transi- 
tional between the two types of arrangement 

As quoted above, Sterzi reports that, in Salamandra 
and Triton, at the end of a loop the capillary tnnu back 
toward! the surface without ohuige of ooUber. In Ifoetn- 
ms, while there is not regularly a sudden change of caliber 
at the point mentioned, InspeoUon indioatea that the two 
limbs of a loop are frequently of nneqnal diameter. To 
check this, the diameter of bo& limbs of twenty-five locqw 
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was meunrod in each of two rogiona in oach Bpeciinen 
available, with the resnite indicated in table 1. In the 
material used, the medial longitudinal bundle ia not diatinot 
and aa the veaaela in it are not numoroua no attempt waa 
made to be aure of meaauring onl^ rapillariea within thia 
faaoionliu. The data recorded under thia heading in 
tablea 1 to 9 apply to capillariee in the medial longitudinal 
bundle or in immediately adjacent white matter. 


TABLE 1 

Amuoi DiAmna m « or CAriLtnwii m Eacb Lna or TwnTr-riva Loon 
n ATrAra, wm CoBUenD ro* SnBimAa 
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tm 

Pnao^Qift 

UWIal UMtudlMl 
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iSm 

Ufwd 

Uab 
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Bar 

bab 
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bocb 

njak^r 

llnb 

Thi»- 

R*r 

Unb 

Am* 

Bead 

bolb 

Sutwnu 1 
Ntetunu 3 

9 

34 

37 

300 
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188 

141 

104 

10 a 

131 

134 

lU 

130 

81 

QJI 

oe 
10 a 
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From thia table it will be observed, further, that the 
caliber of the oapUlanea in Necturvs is notably large, a fact 
which may be clearly seen in the accompanying photo- 
grapha (Figs. 9, 10). 

Crffplobranohus 

In Crjfplobranchut, the vesaela of the aubatance of the 
central nervoua ayatem are eaaentiaUy the aame as in Neo- 
tunu. Am in the latter, they oonaiat entirely of non-anua- 
tomoaing loops, and although the loops may branch once, 
twice, or even oftener, thia branching ia produced only by 
the formation of secondary loops 2), the component 
oapiUariee never ramifying. Also, aa in Necturus, anch 
loops appear to be confined strictly to the tiaanea of the 
brain and spinal cord, the contrast between them and the 
capillary net in the attached nerve roots being striking. 
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In both ammals, each loop lies in a single perivascnlar 
space, which snrronnds the loop as a whole, not being di- 
vided to enclose the limbs sejurately. This would be a 
natural ontoome of the method of development observed by 



Fio. 8 A branfh«d loop la thi brala of OppCobroMbu# 

Sterai (IH) in the salamander, in which the loop as snob 
grows inward from the meningeal net, its limbs becoming 
gradnally more closely approximated, though unpublished 
studies announced by Wislooki at a recent meeting show 
that Sterzi's view needs couflrmation. 

The loops in CryptobranchMs are longer and more slen- 
der than those In Neeturua (Figs. 11, 12) and the limbs of 
each tend to be even more closely apposed, though they 
may spread apart, particularly towards the end of the loop. 
They also seem to be loss regularly twisted in the spiral 
manner described above. One limb frequently lies directly 
in front of the other, so that tho loop appears as a single 
line in a transverse section. This is particularly common 
in the more ventral parts of the brain stem, and in the 
peripheral parts of tho loops. In Neefums also one limb 
seems most freqnently to enter the brain subatanoo just in 
front of the other. 

Branched loops are very much in the minority (os in 
Necturua also) but are sufficiently numorona for one or sev- 
eral to appear in each thick section. While counts were 
not made, the impression is received that the proportion of 
branched and unbranohed loops Is abont the same in all 
parts of the brain and in the upper portion of the spinal 
cord. 

The apparently greater slenderness of the loops in 
Cryptobranohus as compared with Nectwus is partly dne 
to smaller caliber of the capillaries themselves, Measure- 
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mentfl of diameter of the capillaneB were made aa in N re- 
turns and are recorded in table 2. 

TABLE 3 


AvuKn DiAum m n or CAnu.A>ia> is Kath Lou or Twimtt-itvb Ixiora 
n CrvpMranchiu, not CoBMcrao ro> SiaixiAaa 
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lie 

91 
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CrvpMraiiekiM IS 

9 

39 

300 
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&o 

9.1 

10 e 

84 
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Avans* 

D 


9 
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It may be Been that the animals wore considerably 
larger than the specimens of ^ecturus need, yet the average 
diameters of the capillaries are markedly smaller. Thnn 
the difference in caliber of the oapillaries can not be linked 
np with that in the eize of the aniuialB as can be done 
roughly in oomparing the diaineters of tho vessels in small 
and large mainmala (Luna, ’24; Craigie, ’38a). 

Since the pressnre used in injection was not tlm same in 
all cases, the pressure employed in preparing uese par- 
ticular specimens is indicated in the tables. It is evident 
that the difference in caliber of tho capillaries in Nect\trus 
and in Cryptobranchus is not related to injection pressnre, 
nor con the smaller diameters in Cryptobranchus 2 os com- 
pared with Cryptobranrhus 4 be a direct result of this 
factor. 

Triturus 

The tiRBues of the central nervous system of the newt, 
like those of the two species just dealt with, arc vason- 
larised entirely by capillary loops which rise independently 
from a meningeal network and never anastomose. Their 
oharaoter and relations are identical with those in tho pre- 
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vions oases. Branched loops are a little less frequent but 
are common, the branchinft bolng afpiin entirely a sec- 
ondary looping and no capillary ever being seen to ramify 
within the substance of the brain. Nerve roots and epi- 
thelial portions of the hypophysis have capillary networks. 



Fiq, I DnwlDg of ■ iUgfatij oblique vntlM 100 pt tfctdt of the m ed n l l a 
oblongitA of Tnienif The menlageoi net on Ihe Teatral larfMe ia ibows 
lo tbe lover part of the pteturo, with the toopo mvdiig from it iadepeadeDti^ 
loto Um brain nbetanoa. 

In slightly oblique, thick sections of these small brains 
(Fig. 3), the relation of the capillary loops to the superficial 
network is particularly clear. As described by Bterzi, the 
wide capilianos in the meninx, which follow an irregnlar 
course, suddenly tom at right angles directly into the brain 
Bubstanoe, being somewhat constricted at the tuning point 
(This constriction is probably an artifact) The other 
limb of the loop emerges close to the point of entry of the 
first one and, like it, tuns at a right angle, expai^ to a 
larger diameter, and oontinnes along its more or less unn- 
ouB path throngh the meninx. 

two limbs of the loop seem often to be rather lesa 
closely ^)poBed than in Cryptobritmehu but the loops are 
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not BO oonree aa in Necturus. The calibor of the vessels, 
though somewhat less than in Crtfptobranehua, is relatively 
wide in spite of the small size of the brain in which they lie. 
Measurements similar to those reported for the previous 
species are presented in table 3. 
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Plethodon 

The lunglesB and entirely terrestrial Plethodon is prob- 
ably the most highly specialized of the genera of Condata 
studied (Noble, ’31). Nevertheless, the above desoription 
of the disposition and relations of the oapUlaries in Tntu- 
rus is fully applicable to those of Plethodon also. No- 
where in the central nervous system is there any trace of 
branching of individual vessels or of anastomosis. One 
of the specimens was left surrounded by tho related skele- 
tal parts and muscles and the sections show dearly that the 
tuenea of the central nervous system itself are the only 
ones in which the independent capillary loops occur. Even 
the sensory root ganglia have retionia. It is notable that 
in the midbrain and forebroin most of the loops do not run 
far through the gray matter but either fail to reach it or 
just enter its outer parts with their tips. 

Measurements of diameter, as in the previous coses, 
are recorded in table 4 and show the average diameter of 
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the oapillariee to be eomewhAt lose than in the three pre- 
ceding genera. 


TABLE 4 
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Antbpsloma 

In the material derived from two epecies of this genua, 
A. maciUatum and A. jeffersoHtanum, no dilTorenoea were 
detected. Particular etroBB was laid upon the study of A. 
tigrinum, since it was upon thiB species that the acoounts 
of Boofo and of Herrick were based. As noted above, it 
was represented by three different straina which seemed 
to be alike in respect of cerebral vascularization, and to 
differ little from the other two spocies examined. The dif- 
ferences between Ambffaiotna and the animals of the four 
genera deecribed in the preceding pages, however, were 
very remarkable. 

In brief, all specimens of Ambystoma possess in the 
substanoe of the brain and in the uppermost part of the 
spinal cord (the only part thereof examined) a true, three- 
dimensional capillary network, with meshes of large size, 
as describod by the authors cited. Contrary, however, to 
the statement of SoojCo, capillary loops exaotly like those in 
Necturna, Gryptobrtnehua, and Triturua are also present 

In the upper end of the spinal cord, simple capillary 
loops, arising independently from a superficial, meninge^ 
plexus, exocUy as in the previous genera, lie among the 
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large meshes of the internal net. Thus some vessels run 
singly, branch and anastomose, while others run in closely 
associated pairs, form a simple loop, do not branch, and do 
not anastomose. 



7ia. 4 T«o looM from jMh^wtoma tb# liifi ono ihowlaji 

tba poripberal ptrUi of tb« limbo wldo^ th« lifbt ono a ilngle cmfll' 

Ur7 bnnob wbleb UHtonooed with tlie rotlralAr Tuoelo 


In the medulla oblongata, the loops are fewer in most 
regions, but in the cerebellum, in some portions of the 
tectum (Fig. 13), and in the pallium they are numerous. 
They ooour in all parts of the brain, but no part seems to 
be vaaonlariaed by thorn alone (Figs. 13, 14, 17, 18). The 
large-meshed network is also present throughout The 
simple loops are less numerous in A. hgrinvm than in the 
other two species, being rather infrequent in the spinal cord 
and medulla oblongata of that animaL 

Very rarely, simple branching of the loops was seen and 
in every case this was of the type already doseribed, the 
branches being formed by secondary looping, never by 
simnltanoons ramification of the two limbs such as has been 
described and illustrated for certain bsards by Schdbl 
( 78) and by Storzi ( *04) and for the brain of the opossum 
by 'I^looki and Campbell (’37). 
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All the loops, however, ere not independent of the 
oapillary network and a few examples of inter-relation are 
illustrated in fignros 4, 5, 14, and 17. These oonneotions 
are of quite varied character. In some oases, one limb of 
a loop gives off a single branch oapillary which anas- 



tomoses with an adjacent component of the net Again, an 
otherwise typical loop may arias from the side of a mesh 
of the internal net instead of from the meningeal Vessels. 
Two capillaries entering the brain substance singly have 
been observed to oomo together some distanoe inside sad 
form a typical narrow loop from that point onwards. 

The internal capillary reticulum appears to be fed and 
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dralnod through its conaootions vith the meningesl net all 
over the surface. There is no sign of central arteries or 
other main vessels connecting the deep and the snperfloUl 
networks, and no vessels of larger than capillary sise were 
observed within the central nervons tissne. Thus a strictly 
oentrifngal course for the blood such as Sterzi demon- 
strated in the Sallentia is not even suggested in the slight- 
est degree. 



Fn. S Awtifitoma U$rUutm Thnt slnsle urlw, «soh with s alnidtr 
hxip <aiin«ctad, wa luop (iTrag nS s iliigls brush es{ilIUi7 to tho 
rstisiilBBL 

The relatively simple network within the nervous tissne 
is not of the spongy, three-dimensional character shown by 
the fully-developed capillary bod of the central nervous 
system in higher vertebrates. Rather, it is strikingly sug- 
gestive of the conditions in the brains of chick embryos of 
five to six days incubation as described and illustrated by 
Williams ( ’37). The vessels entering the nerve substance 
run perpendicularly from the surface for a varying disT 
tonoe and then bend or branch to form a more or less arch- 
like anastomotio oonneetion with one or more similar 
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veHsela (Figs. 7, 8). Branobing ma 7 occur snooessively at 
different depths, but more frequently the perpendicular 
vennel ends with its first branching. Thus the TenselB are 
Been in Boctione ae a BerieR of interconnected arobeR, wltb 
occasional anastomoseB between the stemR thereof. The 



Fra 7. ChpUlBrj Dvtwork In left pr i merdliim 

Uppottnipl, iliowtBK It to ^ eonpoiod Urgriy of ebnple iiiAetoAoiiBf vebei. 
No krapo oppeor in title wf^on, 

^ 8 ttgriMnn. C^ptibrlee 1a a eertloa of rbo right 

fenfrel thAlmmoo mad prooptle oodene. TbJi ehowe Ja th« rentnl thalAimii 
006 of the iDoet omaplleatad ptoeea of retieulwa obeorrod. Two ilmplo loopi 
eleo eppoAT 



syatcin as a whole forma a net roughly parallel with the 
surface, with numorous vessels passing between it and the 
meningeal network. This internal net, however, is not all 
in one plane for, besides the secondary anastomoseB men- 
tioned, some of the arches are in the white matter, some 
are near the ventricle (occasionally even penetrating be- 
tween the oeUa of the ependyma), and others ooenr at all 
levels between these, llie majority lie in or near Oie more 
peripheral part of the gray matter. 
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The internal network does not appear to be continnous 
throoghont the aubatanco of the brain and cord, aa it doea 
in higher vertebratea. There occur groupa of two, three, 
or more archcB which seem to give off no branchea except 
to each other, thus forming little independent nnita. 
Single arches, apparently quite independent, have also 
been observed (Fig. G). In the upper part of the apinal 
cord, anaatomoaea across the median plane are very rare, 
so that the internal networks of the two sidca are practi- 
cally unconnected. In the brain, however, such connec- 
tions are numerous and no separation of the two sides la 
indicated. 

To try to determine whether the different anangement 
of the oapillariea found in Ambifstoma is uaaociated with 
any aigniiloant difference in the cabbor of the vosaels, the 
diameters of the two limbs of twenty-ilvo loopa and also 
the diameters of twenty-five capillaries which formed part 
of the reticolum were measured in the primordium hippo- 
campi in two speeimens of each of Ambyatoma maculatum 
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and A. tignmum. In the medial longitudinal hnndle capil- 
lary loops, while they occur, are too few to be treated sepa- 
rately, 80 only vessels running singly and presnmably 
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entering into meeh formation wore conBidered, fifty being 
monsurod in each oano. The retmltB, which are recorded 
in table 5, ehow that there is no Rlgniflcant difference be- 
tween the caliber of the capillitnoB forming a network and 
those disposed as independent loops in Ambystoma. The 
cahher of the capillaries of both types is abont the same as 
that of those composing the loops in Flethodon and is 
siiiallor than in any of the other Caudatn studied. 

Itana pipiens 

Tn the frog there is no trace of slender eapillary loops 
such us have been observed in the Caudata and deseribod 
ill the preceding pages Vascularization of the tissues of 
the central nervous system is accomphshed entirely by a 
three dimensional eapillary network which is considerably 
more complicated than that fonud iu Ambystoma and dif- 
fers significantly in ita connections. 

Sterzl ( ’04) reported that the spinal cords of Rana es- 
culenta, R. fusca, and Bufo vuigarts are soppliod with blood 
through ocntial arteries which roach the grey matter and 
bifurcate to form two lougitadinal chaniiela, one on each 
side, a little ventral to the central canal. Branches from 
these give rise to capillaries of about 7 p. diameter which 
form a continnous network. In the white matter, the 
meshes and the capillaries composing them both increase 
in size towards the periphery, where the capillaries empty 
into superficial veins. The anterior spinal artery gives off 

.Fia 9 y^cturug Plwtoiiilerognpb of traairerN Mctlan of 

mediilU ubloiigaU, 160^ tblrk. X GO la tb« ruuto of narra VIX and VIII 
at Um right of th« figure ouj be lera the eapUlaria fuming a ratUalaiDj U 
eontrut with thoee wjthla the brain. 

Fio 10 Trajierene aeetioa iOO^ thick throngb the eandal 

part of tertum. X 40. 

Fid. 11 Crgpfobraaohve an«poaioiutf Traafftene aeetloti throngh left 
half of ffloduSa obtongaU 800 ^ tblek. X 00 While the looped fonnatloa la 
lew dlstiach In thii photograph anil the nest than la thoee of ^eetame, the 
more alendc^ proportloui of the kwpe and the abaoBoe of anaatomode are 
eddeat* \ 

Fi 0 . If. ^CrinrtobfoaohiH. IraiUTene eectloB throogta medial vail of 
right eerebralibo^^urey 200 ^ thleh, X 00 
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only rare and bduiI] lateral branches and these do not send 
any vesselB into the substance of the cord. Venous tribn- 
tanoB, however, leave the cord all over its surface. Thns 
the dow of blood through the Hubstoucc of the spinal cord 
IS entirely centrifugal, passing from the oentral arteries to 
the Hupordcial veins. 

The vessels within the Salicntion brain do not appear 
to have been described, but Socha (’30) in an account of 
the superficial arteries aud veins of Baua temporaria notes 
that the anterior and middle rcrobrul arteries give off 
branches into the substance of the prosenocphalon, where 
they break into capiDaries at aoiiie distance from the sur- 
face. He observes that the brain substance is very rich in 
vessels 

The cerebral arteries of Rana pipiem correspond rlosely with 
those of European frogs as described by Qaupp (’96), Hofmann 
(’00), and Socha (*30) The internal earotid artery enters the 
cranial cavity (A earotis eerebralis) and divides into anterior and 
posterior rami The former rsmiu psMFS forward on the ventro- 
lateral aspect of the dicncephalon and divides into a ramus hemi- 
spharli ventralii, which eontinues forward on the ventral lorface 
of the cerebral hruiaphrre, and a ramus hrmlipluerii modialis, 
which paases dorsomcdiad to the nodus vasculosos, givra a branch 
to the ohonoid plexni, and then proceeds forward on the medial 
snrfaoe of the hemisphere. The posterior ramus of the cerebral 
carotid artery unites with its fellow of the oppuaito side dorsal to 
the hypupbyniM to form the bcuular artery Also, a little farther 

ITra 13 isttyflima noesialm TruiTem wetlos of brain poulns 
through cAUdnl part of tortom, UilcksoM 100 ^ X 60 I>lAHiiet loopo appear 
la Um teetQm ivhila Ibo rAplUarien in th« tegBentam nre nininlj ilngle fend 
bnuirh to form n net, of which the motLei ire too Urge to ippofer In fe Medoo 
of thii tblrknm. 

Fra. 14. JwtiptUma iifffimum, Tnofrenfe ■octlpn through right eerebrfe] 
hemiipbore, thlrknen 160 ns X 00 la Uio prlaordium hlppoeampl two long 
loopo fero demrljr vhdble^ the more TmtnJ one being eroNed bgr port of fe 
maih fend fe loop feriring from it. 

Fio 10 Ftffromiwofe Tcufereiw Motloo of left half of BodtiUfe 

oblongttfe, thlekooM 200 ^ X 60 

Fia 10 FefroidfrfM One UDaetuJlf mMb’bnaebod ttplUarj loop Id a 
MCtloD 200 p thick fron tha upper end of tbo apiiiAl cord X 200 The eentral 
raatl appaan In (bo upper right of the pleture and the mtral nirfiaaa of the 
eord la at the bottom. 
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forward, a wido tranavrifio channel runa between them, dorsal to 
the mfundibiilum. Thia is not named by the ailthora quoted hut it 
Furreapoiids with the poaterior communicatinR ramus of Roofe’s 
description of A mbytioina In front of either end of the aiiastomo- 
lic vhaiuiel just meiitioneil, each posterior ramus pives olt a large 
superior meseucephalic arlerv ((laopp) which runs to the dorsa) 
surface of the islhmns From the hollar artery spriug two pairs 
of large lessels, tlie more aiitenor being the artona auditiia, which 
pnsseii to the auditory orgaiih and apparently does not contribute 
to the blood supply nf the brain The more poaterior branches are 
the Ri. enmniimicantes cum A vertebralis of Qaupp Few if any 
small luleral brauclies to the surface nf the medulla oblongata are 
present HiK-lia’s middle cereliral artery to the anterior surface 
of the opiiu lobe was not recognixed but a largo vein occurs m this 
situation, the vena dieiicepliali iMMterior of Oaupp and of Hofmann 
(’ 01 ) 

The tiRHUC of the moro caudul part of the inudulla ob- 
lougata IB vaseularizod in the Bnino way as the spinal cord, 
as described by Storisi, The basilar artery gives off a 
8on(‘H of central arteries wbioh run vertically into the brain 
close to the iiiodmn plane and branch in the deeper part of 
the tissue (FigH. 19, 21). The chain of longitudinal anasto- 
itioaea in the spinal cord can be seen in coronal and in sagit- 
tal sections to conliiiae forward through the oblongata. 
Each artery liranchcu to one side of the brain only, though 
eupillary auastonioscB occur freely across the median 
plane The branches and capillaries stream out towards 
the surface and enter the vcium all over tho latter, so that 
the strictly centrifugal course of tho lilood appears to bo 
preserved in tho oblongata until a level near tho isthmus 
18 reached. 

Tho posterior ramus of tho cerebral carotid artery 
gives off at intervals along its course branches which pone- 

PiQ 17 Amtifttima tfpruiMm. Truurem Mctloo of left ventral thal* 
amuB aoi) prooptlo uudeoa, thiiJineu SOO tu X 100. Independent capillary 
loope are Boon in the vontr^ thalamua and la the pnoptlc area a abort loop 
appeara orlgloatiag from a mnrti of the retleDlom. 

Fifl 18 Amb^ttonti ti^aam Traiuiveree BeeUoa of right thalanna a 
Utile farther forward than Fig 18, thteknes# 200^ X 100, Nnmcroiia cipU 
larj loopi and parta of a few uoahee are vlirible 
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trate directly into the brain anbstauco, and aa it approarhea 
ita fellow, short supcrflrial branches also occur, which ram- 
ify on the ventral surface and apparently turn into the 
brain subataucc in some cases. From the transverse anas- 
tomolic channel described above a pair of relatively larffe 
iirtcries run directly dorsad within the brain tissue and 
branch to supply much of the iindbrain snd the more caudal 
part of the diuiiccphalon Some siimllcr anpcrhcial 
branches also occur. 

The superior ineseneephalic artery givoH off a larfce 
branch which entera the ventral iiiargpn of the optic lobe 
Olid riiinifica within its deeper portion The artery then 
continues, to end in numcniua brunches on the posterior 
surface of the oiitie lobi>, into which many of them pene- 
trate, HupplyiiiK iiiuinly the torus seiiiicircularis, where 
the capillary rchciiliiui is notably rich (Fig. 21). The 
superior incscnccplialic artery also provides a few smaller 
ranii to the anterior part of the ccrobcllmn The cere- 
bellum IS supplied niHinlv, however, by central arteries 
sweeping round the ventricle from the oblongata below it 
(Fig. 19). 

Thu uutorior ramus of the cerebral carotid ortoiy near 
its origin gives off one or more deep branches which run 
mediad in the piano between the thalamus and tho hypo- 
thalamus ramifying to both Tt then proceeds rostrad to 
near tho caudal end of the hcinispbero, where it gives me 
to small brauehes which penetrate the diencephalun. Im- 
mediately thereafter it divides into the ventral and medial 
hemispheral arteries. 

Tio 19 Sawa yfpirms, Trmnnvvr^f lectlon ot medulU obloiixaU mii] 
rmidiil part of rf rehollum, ffalekomt SOQ a X 40. Tiro emtrnl artprlea ap* 
]inr^ paauif; to right and l«ft sldei i^|>c>rUrel^, tb« lattrr neadlag branehM 
into tho eercbeHuni. 

Fxo 20 Sana pipinu Traanvorao tectlon of left rerobral bemiipherr^ 
ihlrkneM 200^ X 40. A bvgoch from tba medial benlipbrral artery ii Men 
Litlcnng thp prlnurdlun hlppoatmpl and dlridlng Into donal and TMtnil laadi 
of whlrh the forme* eworpi round to ooter the eapUlarj rettraluin of tho 
dofiolatorel «rM On tho wnj it rontrCbntoo to tbo rapplj of.tbo donoQiodlal 
and doml arean. Tho reutral ranui branehco In the deep parti of the dono 
medlil aud Tentrnnwdlil n^om. 
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Tho ventral lieiniMplicral artery aeiiilH a large internal 
lirancb into the antenor end of the diencephalon, where it 
divides to supply both that region and the caudal part of 
the henusphere (Pig. 22). A little farther forwanl an- 
other branch paaspH into the ventral surface of tho hemi- 
sphere to ramify in its caudoventral portions Tho ventral 
hcmispheral artery gives off oeeaslonal small branches to 
the ventral surface and one or two larger ones which pene- 
trate dirwfly into the aiiterioi half of tho hemisphere Tt 
ends by rainifyiiig over the siirfaeo of tiie olfactory bulb 

The inodial Lemispheial artery lu the earlier part of its 
course sends brandies over the liiforal surface of tho di- 
encepbalnn and the caudal surface of the hemisphere, and 
from these arterioles pi-netraU* the nervons substance. 
After passing tho nodus vnseulosus, the artery broahs into 
a few large vessels running foiward on the medial snrfaee 
of tho homiphcre, gives one or two rather large blanches 
into its substance (Figs 20, 22), and raniifloB on the antero- 
medial surface and within the region of fusion of the two 
hemispheres. 

Venoua fri butanes emerge from all surfaces of the 
brain (Pigs. 19-22) 

From the foregoing it will be evident that the arrange- 
meut of the blood vessels in the brain of the frog corre- 
sponds fiinduiiientally with that in the spinal cord, tho 
blood fioiving inaiuly in a centrifugal manner, but that, 
except in the medulla obiungatu, the eontrifngal course is 
not preserved in tho strict way in which it appears to be 
in the cord. 

The iiiudulla oblongata is probably supplied entirely by 
central arteries. The oerebellum is fed mainly by such 

Fiq 2] Jrano fipiPM Baglttal teeHon of mtdbnuA hlndbralTi ibow 
iii|t eentinl nrtorlcM riifulnji JnwQrdi from tbr bMllBr end bifurfitlog loogl 
tudloAlIj 111 llif nmtn] gnj of tbc Dhlon^ta, whpro ibex Tminlfy in 

the mpjUmr/ network. l>mlultig the latter, minll eenoiu trlbatarioa Appev 
bi^tveen tho artenca. Artcriea and veLi* are umo eonnertlug the imtber rich 
ruUruluin In the tonu nemielreulai^ii with thr aDperflcUl Ynsela, and the Bmnll 
veivpls penetnUof the lurfiee of the ferebelliun maj alao Lo obaerved X 40. 
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venseb but abo rpceivpa aniall tribiifancR throu(th its ante- 
rior surface. Thu inidhrain, besides rpp.eivini? basal arte- 
ries as doaeribed above, has a eonsiderable number of 
peripheral vessels derived from the sntierior meseneephalio 
arteiv and enlennpr the more caudal part of the tectum 
Tlip diencephalon has rather extensive arterial ramiflea- 
tions (from the medial hemiaphernl artery) over its lateral 
surface, from which small vessels penetrate it The hemi- 
spheres are fed mainly by basal arteries from the two hemi- 
s))heriil arteries but the latter also pive rise to some super- 
riciul hraiiclics which eventnallv penetrate the medial or 
ventral walls Thus, while the flow in the hemispheres is 
not entirely eentrifu^l, most of it is, and much is from (he 
medial and ventral walls to the dorsal and lateral ones 

Til the medulla ohlonKata, capillaries in eonsidorahlo 
iiumlior run to the floor of the ventricle am] there turn to 
course and ramify parallel to the ventricular siirfacD In 
this wav there is formed a paraventiiciilar capillary net- 
work of some riehness, whieh lies partly just under the 
ependjTna, but mainly amoiiR the cells of the latter. This 
Kroup of eaplUarics, while continuous everywhere -with the 
sponjo' cupillarj' retieulum of the oblongata, is sufficiently 
richer than that in the immediately adjacent gray matter 
to RUEffest the character of a partly differentiated two- 
diineiisioiml net Tn contrast, the liniuE of the c.entral 
caiiul of the spinal cord lacha lUiv sneh vascular supply, as 
do also the ventricular surface of the cerebellum and most 
of that of the dorsal (ooeblear) part of the acoustic area. 
CapillarleH penetrate the ependyma also in the more ante- 
rior parts of the brain, and these are snffieiuntly numerous 
to fonii a superficial not over parts of the walls of the third 

Fio 2S Afina pt^nui rorooftl lectlnB of forebrala X 40 At ftnrli 
hkIp is Hccn a baul artery dcrivM from the Trntral biimli|>horal and bifnrratdBf 
tn tbf Hulrrlvr part of the dlenrephalon and the poiilerlor part of the heml 
npborr, irhrro It hranrhefi in the gnj mattur of both medial and lateral walla. 
A falrlj larifp hnnrh onteni earb medial wall from the medial hamlaphenl 
artorj 7*he artrrkw mipplj a rootfiiiioai eaplDarj reffrulurrii from whl^b aoiall 
vpnoni trlhutariea leifr all aurfaeca 
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vontricle. Nowhoro elne, bowevor, is the ependymal net eo 
rich aa in the floor of the fonrth ventricle. 

A qnantitatiTe study of tho vascular supply in the brain 
of the frog is to be reported in a separate paper (Graigie, 
’38b) and it ia intend^ also to extend such inveatigationa 
to representative Candata but for oompariaon with the di- 
ameters of the capillaries in Candata the values in table 6 
are presented here. 

TABLE 6 


Avbbaob Dumniia nc * or SO CAnLLABim n ths Faoo (Aaw> piplmu), aor 
CoBSBCTBD roB Snauiiiaa 
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65 
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9 

65 

50 
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5J 
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9 
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150 

Al 

AO 

5t 

Frag 110 

9 

M 

. »« 

50 

T.l 

SI 

Fmiia* 

9 

70 

900 

57 

A7 

A9 

Avwaae 

5.6 

61 

55 


The flgurea in the table show that tho average diameter 
of tho oapiUariea in the frog ia comparable with that in 
Plethodon and in Ambysloma and is a little leas than in the 
other tailed amphibians studied. Whether or not the dif< 
ferenooB are raathematioally eignJfioant, their importance 
is increased by the fact that 'the frog is a oonaiderably 
larger animal than Ambyatoma, Tniunta, or Plethodon, 
which would lead to the expectation that ita capillariea 
wonld be wider than those of these animala. Thus it would 
appear that in the amphibians the presence of a fully de- 
veloped capillary net ia aaaociated with a relatively small 
caliber in the capillaries. 

Disoosaioir 

The obaervationa reported above confirm for all the ani- 
mals examined except Ambyatoma the desoriptionB of 
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Soh6bl and |9terzi and aro in agreement with their oonola- 
aion that the dispoaitiou of the TeaselB within the central 
nervous syetem ia radically different in Candata and Sali- 
entia. The observations aro new, however, in the finding 
of an intermediate condition m the genns Ambj/stoma. 

Wialoeki and Campbell (’37) recently reported the dis- 
covery that the central nervous organs of the opossum are 
vascularized by non-anastomosing capillary loops essen- 
tially similar to those in tailed amphibians but diffenng 
from the latter in branching dichotomously, often many 
times. Further, this branching in the opossum suinotimes 
involves parallel ramification of both limbs of a loop, in- 
stead of being accomphshed only by secondary looping as 
in amphibians. In this it resembles the oondilionB in must 
hzards found by Sehobl (’78) and by Slerzi (*04). 

Sterzi points out that the simple loops coustitnte a morh 
less efficient arrangement of eapillanes than a network and 
expresses the belief that they aro the more primitive dis- 
position. 'Wislooki and Campbell, on the other hand, mam- 
toin with justice that this view is open to question and that 
“the facts at hand could be interpreted as mdicating that 
the condition of tonmnol loops is a form of specialization of 
the capillary bod which has arisen independently in several 
widely separated groups of vertebrates.” 

It seems highly probable that the primitive condition 
of the vertebrate nervous system was one in which the 
Mood supply was entirely superfioial (Oraigie, ’38a) and 
it is unlikely that the two types of internal capillary pattern 
originated from this independently and have both been 
carried through the vertebrate series. It seems more prob- 
able that one condition must have been derived from the 
other, but as to which is the more primitive available evi- 
dence is inconolnsive. ISmbryological studies of Amby- 
stoma may throw some light upon the question and such 
studies of certain lizards in which also Sehobl and Sterzi 
found intermediate conditions are also desirable. 
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Meanwhile, however, it may be pointed ont that in the 
lamprey, as in Ampkiomu, the spinal oord has only snper- 
floi^ veeeelB, preenmably the most primitive state, while 
the brain of the lamprey has numerons independent, non- 
anastomosing loops. The latter (IMgs. 15, 16) are exactly 
like those in tailed amphibians except in that they are com- 
posed of much more slender oapillaries. They are usually 
nnbranohed bnt occasionally branch in the same way as do 
those of the Gandata. Fi^ne 16 shows a loop branched 
to an unusual degree. 

Stersl (*07) described the conditions in both the lam- 
prey and the hag-fleh (Myxine) and statM that the latter 
has a network of anastomosing oapillaries in both spinal 
oord and brain. Towamioki (’>S5) oouArmed this. Thus 
both types of disposition occur even in the Cyclostomos, bnt 
since the brain of Myxine is so highly modided and since 
the vascularization of the spinal oord of the lamprey is 
more primitive than that of Mynne in being purely super- 
floial (except at its upper end), the probability seems 
greater that the condition in the brain of the lamprey (i.e. 
the simple loops) is the more primitive. 

If this be assumed to be the case, then it is possible that 
the looped arrangement in simple or more complicated 
form may have been transmitted through the stem dshes 
to the early Stegocepbalia and from them to modem Can- 
data, to the ancestral reptiles, and even to the most primi- 
tivo mammals. In that case a reticular condition mnst 
have arisen independently in Myxinoidea, fishes, Salientia, 
reptiles, and perhaps mamruals. The alternative inter- 
pretation is that reversion Inm a retioulnm to loops has 
occurred independently 
marsupials. 

If the reticular is ^ more primitive condition, then 
loops most have been ^voduoed by parallel spootallxation in 
each of these groups ,and in the lampreya It is difflonlt to 
see that such a modifloation can be of adaptive valne or to 


in/^Wed amphibians, lizards, and 
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ima gi ne ai>7 factor which oooid act to prodnoe it inde- 
pendently in BQch diverse places in the phylogenetic series 
unless it is a reversion to a more primitive condition. 
Thus it appears to the writer that, so far as it goes, the 
evidence favours primitivoness of the simple loops. 

SumiABT 

The arrangement and caliber of the vessels in the sub- 
stance of the central nervons system have been studied in 
seotiona of injected material from seven species of tailed 
amphibians a^ one species of frog. The tailed amphib- 
ians belong to five famUies and fonr suborders 

In Neetunu, Cryptobranchus, Tniurut, and PletKodon 
the central nervous tissue is vasoulansed entirely by slen- 
der loops which arise independently from the meningeal 
reticolnm. The loops may branch by secondary looping, 
bnt the component capillaries never brunch and anasto- 
mosis between them never oconrs. 

In three species of Ambystov%a there occur scattered 
loopa of the same character as those in the fonr genera just 
mentioned, bnt there is in addition a very simple capillary 
networL Some of the loops are independent of thie, 
others rise from its meshes or send off single branches to 
anastomose with it. Both afferent and efferent vessels of 
small siie oonnoot the network with the meningeal reticu- 
lum at points all over the sniface. 

The loops in these Gaudata occur only in the central 
nervous organs. Peripheral nerve roots and ganglia, the 
ohorioid plezoses, the hypophysis, and the mnscles have no 
trace of them, ^t are supplied entirely by reticula of 
anastomosing oapUlanes. 

Capillary diameter differs markedly in the different 
genera bnt not in the loops and the retienlum of Atnby- 
iUma. 

In the frog there are no loops like those of the Gaudata 
even in the snbstance of the brain or spinal oord. These 



648 


B. HORNE CRAiaiK 


are vasoularized b7 a spongy retiralum 'wbioh is more 
highly developed than that in Amlifstoma. In the apinol 
oord and medulla oblongata this retionlum receives blood 
only throQgh central artones, so that the flow is entirely 
centrifugal In the rest of the brain baaal arteries pre- 
ponderate, but there are also peripheral arteries playing 
a minor rdle. The hemisphere is supplied only through its 
ventral and medial walls, while efferent vessels leave all 
surfaces. 

Evidence as to the phylogenotio relationship of the 
looped and the reticular dispositions of the capillaries is 
inconclusive, but seems on the whole to favour the view that 
the loops arc the more primitive arrangement. 
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evaporahoit and rainfall stddibs in the 
NORTHWEST MINNESOTA LAKE REGION* 

j. c. jinaBH 

Profoaw of Pbjaln and Aitraunj, Ntbruka Veileyu UolTsnitx, 
liBcolB, Meb 

Aiamn 

Tbe enpontlon tsil nlafall itiidlH luili) In the Northmrtnrn Uluunotn 
I«kn Iltfloa dnrlag tba nnunn of 1B3S wera eontinied with sMeitUlIj the 
MB* eqalpmat dulng the nprlng nod nmmrr oi IBM Tbe nlnfell derU 
tioil noted la the pruUnlnar; report were dnpllriM to a large extent dnrlag 
the ennuner of IBM, the hnvler preeipltntlun In the elrlnltp of Eraneellle 
being eepreUlI; notloeable. Tabnlated data arc gWea to ahow the wide earla 
tlona of tbnadentonn raUfill In atatlon* only a few willea apart. Thla li la 
ageenaeat with the etadlei of local etormi made bj Thomthwalle In OUahoma. 

Tba largo additional nolxtnre eoatent la the air on the lee-nde of lakre 
waa again noted aad additlattal Infonnailon obtained regeidlng the rate of 
eeaparattoB bf obaemtlon of aereral lakea It li ahown l^t the brat abaorp- 
tloa reeaMiig from one half laeb of araparatlnn per dnjr la eonaldarabl]' nun 
thaa the total InHdaat aolar ladlatlaB on the eorreapandhig mrfaea) thmfoie, 
H la evldeat that tbo preanoe of tbe lake wlO bare a declM eoaliag effect la 
addition to adding to the molitora eontant of the ahnoepbere. Badlatloa fall 
lag on itnbUa and dr; aoU, on the other hand, la moitij redeoted and than 
ralaea tbe temperatara of the anmandlng air Thla eooll^ offaet of expoaed 
water earfaca la one of tbo Important eontrlbntloBa of tha lahea and poada 
wbleb the antbor eoatendi ahonld be greaUi Inereanad In nomber 

na lamtlgatlan waa made poaaibla bp addlHonal anpport from the Pen- 
roea Tend of tba AmerleaB PhUnaopblaal Borlaty 

A PBOORBHS report of invesiigatioiu on rainfall distribn- 
tlon in the Northwest Minnesota Tjako Region for the stim- 
mer of 1935 ‘ called attention to the desirability of continu- 
ing the studies in order to obtain additional data. Tbo 
equipment of the preceding year being still available, a 
small additional grant from the Penrose Fund of the Amer- 
ican Pl^osophical Society made it possible to continue the 
work daring the sominer of 1936. 

* TUa Inreatlgntlan waa awppertad by a grant from thn Panroaa Tond of 
tba AwMrlaaa PhUoaoPUflal SoalatT 

I PXM. aatariaMmOMapU^ ffoalaiy, 76, 6, IBM. 

nooHONS er «bs amaioaa panaaopmaaL loaiipr, 

TCk 76, «& d, Hanna, 1666 
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The rain {(aagee having been left with the obeervera who 
cooperated dnruig the annuner of 1935, aa ahown by the 
map, Fig. 1, rainfall rocorda were begun on May 1, 1936. 
The recording inatnmenta were bronght from the writer’s 
laboratory at Unooln, Nebraska, on July 14, which proved 
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But Mtlos on WM BiUlt lake I VgUoan Bipida I. nrgu Filb. 4. 
Elbow laka S. EmimlUa. 6. AiezudrU. 7, Bnglo B«d. a Pirbcr’i 
Prnlrk. R Und Vnnn. 10. WurHod Turn II IliidnrwTiod, U. Bkttl* 
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one of the hottest days of the entire siunmer. Gamp on 
West Battle Lake, Minnesota, was reached at abont IKX) 
AM. on the 16th, and by noon of that day the miorobaro- 
grapha were lined np on a table for adjostmont, the thermo- 
graph and hygrograph were in position, and by noon of the 
following day the recording rain gauge and recording ane- 
mometer at Base Station were installed ready for service. 
Barographs, tbenmographs, and hygrographa were taken to 
the recording stations at Pelican Rapids, Fergus Falls and 
Elbow Lake on the seventeenth, and the work was carried 
on eonttnnonsly under direct snpervision nntil Angus! 24. 
The rain gauges were left in service nntil October 1, but 
recording stations with the exception of one set in charge 
of Prof. Lind of the high school at Fergus Falls, were dis- 
continued on Angnst 24, 

Some changes in personnel were made necessary be- 
cause of illness, death, or removal of persons who had 
assisted during the preceding summer. The loss of Mr. C. 
E. IQasenger, the U. B. Weather Bureau observer at Fergus 
Falla, whose advice and assistance were so valuable during 
the first summer, was keenly felt. His sucoessor, Mr. H. 0. 
Featherstone, gave every possible assistance. The death 
of Mr. Miller, the oflhuent observer at Deer Cree^ and that 
of Mr. Haarsted, who kept very complete records at his 
farm between Fergus Falls and Elbow Lake, removed two 
other experienced men. The records at Deor Creek were 
kept by Mr. Max Nastansky. Mrs. Haarsted and her 
daughter efBidsntly continued the work of that station. 
The continued illness of Mr. Bnerkle at New York Mills 
left the records for that station very incomplete. Mr. 0. H. 
Weiby, who had charge of the station near Amor, was ino- 
eeeded by Mr. A. E. lindqnist. The other observers oon- 
tiniied In the same friendly and accnrate manner as in the 
preceding summer. 
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Mitroo or Attack 

The prooednre followed was similar to that of 1935. 
Each of the observers in charge of a raiu gauge was pro- 
vided with a book in which records were entered after each 
shower. During the time when the investigation was under 
personal supervision, the records were collected once each 
week from most of the stations. Postcard forms were pro- 
vidcHl for stations off tho regnlar routes between recording 
stations. In case an observer was missed oir tho regnlar 
circuit, he was asked to report by postcard, tho blank form 
provided having a space for each day of the week to moke 
certain that no showers, however small, were overlooked. 
During the remainder of the time semi-monthly postcard 
reports were made from all stations. The recording in- 
straments were serviced and checked for accuracy each 
Monday, The inatrnments at Base Station were dieoked 
daily, the recording rain gange and anemometer nsing a 
twenty-four hour chart. These instrnments were set away 
from the banks of the lake on the open sand whore there 
was excellent exposure for rainfall, and for wind from 
every direction except north, in which case tho trees pro- 
vided considerable shelter, Tig. 2. 

An attempt was again made to obtain pictures of light- 
ning discharges, bnt none of nnusnol interest were taken. 
In order to got an nnobstmetod view of approaching storms 
it waa necessary to go ont on the open bench on the north 
side along the lake front. This produced the two-fold haz- 
ard of rain on tho cameras and of possible injury by light- 
ning to on observer standing on the sand a hundred yards 
from the nearest timber. As a safeguard in this connec- 
tion, a large umbrella, snob as is used on harvesters and 
other farm machinery, was fastened to a post set deep in 
the sand. Copper wires attached to the ribs of tho um- 
brella extended along the post which reached down below 
the water level The umbrella gave shelter from the rain 
excepting under oonditions of very high winds, and the oop- 
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per vires ehonld have earned to ground the major portion 
of any direct lightning discharge in the vicinity. 

BsnrraUt Duranirnoii 

Table I gives a sammary of the rainfall at the various 
points under observation, inolnding the U. S. Weather Bu- 
reau stations at Fergus Fails, Alexandria, Wadena, and 
Detroit Lakes. The records for May were incomplete in a 
number of instances and have been omitted. Only those 
days are included in the table on which there was rainfall 
at one or more stations. 

The large variations in precipitation, even at points 
separated by only a few miles, should be noted. In the 
previous report attention was called to the fact that Eivans- 
ville had more rainfall than most of the other stations. 
One of the interesting phenomena of the 160 mile drenit 
covered each Monday was the fine com and alfalfa between 
Evansville and Lake Christine. The nearest Weather Bn- 
reen stations are Fergus Falla and Alexandria. Beference 
to the table shows rainfall of 0.13 Inches on June 30 at 
Fergus Falls, 0.81 at Alexandria, and 1.42 at Evansville. 
This same local shower gave a precipitation of 1.66 inches 
at the Haarsted farm eight miles southeast of Fergus Falls. 
During July the total for Fergus Falls was 0.06 inches, 
while Evansville was again favored with 1.48 inches on 
July 19, Daring August, Fergus Falls once more shows 
the lowest rainfall, while Wadena and Alexandria, both in 
the eastern part of the lake section, had ronoh more pre- 
cipitation. 

The thunderstorms on August 20 were of the line-sqnsU 
type with large vdiations in intensity at points only a few 
miles apart, as shown by the miorobuvgraph records, 
Fig. 3. The total for two showers at Base Station was 
0.63 inches, while eight miles north at Ottertail, the gauge 
shoved 1.64 inches, and Henning, ten miles east Base 
Station, received 1.16 inches. South of Henning ^ Vlnlng 
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on E!ut Battle Lake there waa evidence of a much heavier 
rain, eatiinated at 2 Inches. At Parkers Prairie it hud 
dwindled to 0.95 and at Alexandria to 0.04 inobes. Fergna 
Falla showed 0.67 inches, while the Haarsted farm eight 
miles awa^ showed 2.6 times as mnoh. Other eimilar vari- 
ations will be evident from an examination of the table. 
Thus, in direct line with a report by 0. W. Thomthwaite of 
the n. S. Soil Conservation Service,' it is evident that a 
rainfall report for the area under obeervation based on 
ofHcial records for Fergus Falls for June, July, and Au- 
gust, 1936, would give a very imperfect and incorrect esti- 
mate of the true precipitation. 

TABLE a 
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Dbouout CoHDinoNB 

Ihe summer of 1936 was one of most severe drought 
for all of Minnesota. It Is interosting in this connection 
to study the barographic record for the week August 3-10, 
as shown in Fig. 1 It will be noted that the barometric 
pressure was praotioally constant during that week. There 
was a moderate high on Tuesday and a moderate low on 
Friday but very little air movement during the first part 
of tihs week. The total wind movement for the 66 hours 
ending at 6 a.ii. on August 6 was only 105 miles. A mod- 

t ML AwriMO IfMMraleslad SflcMy, XT, Dm, ISBS, p. SSL 
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erate low presBure area to the northwest on the 7th and 8th 
reealted Ln high winds from the eouth. The wind velocity 
reached 25 nulea per hour at 10 a.h. on the 7th and oon- 
tinued high during the afternoon, but without precipitation. 
On the 9th it varied from oomplete calm to seven or eight 
luUes per hour. 

The graphs in the lower part of Fig. 4 show the hu- 
midity records for three of the stations daring this same 
period. The thin, nniform lino is Pelioan Bapids, the 
heavy lino, Fergus Falls, and the broken line was the record 
for Base Station. Pelican Bapids and Fergus Falls, being 
on the west side of the lake area where winds from the 
southwest should bring dry air from tho Dakotas, it would 
be expected that their relative humidity should be lower 
than at Base Station where the instrument was located on 
the north shore of a largo lake. This is well illustrated in 
tho record. It will be noted that the relative humidity in- 
creased rapidly each night at Bose Station, while the in- 
crease at the other stations waa much less marked. Durmg 
the windy conditions of Friday and Saturday the carves 
more nearly coincide due to tho fact that the moistare added 
to the air by the lake at Baeo Station was carried away by 
the wind. The variations in time for the humidity peak 
at the three stations are largely a matter of exposure. The 
Fergus Falls Kiosk is on the roof of a hotel adjacent to tho 
OttertoU Biver. Here the increase In humidity was quite 
marked in calm weather, hnt the curves wore in almost com- 
plete ooincidenoe during tho high winds of Thursday after- 
noon and Friday. 

Table HI gives a selected set of observations showing 
the relative and the absolute humidity on dry, windy days 
at selected points. Maximnm temperature diiTeroiices of 
more than eight degrees were found between pointe two 
or three miles from a lake and those near the leeward side 
of the same lake. Corrosponding dlfTerences in relative 
humidity were noted. The variatioiis in absolute humidity, 
which are more important, ranged as high as 38 per cent. 
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It is thus seen that the lakes were adding quite appreoiable 
omonnts of moistnre to the air, the moistara content of 
which after blowing over the parked plains of the Dakotan, 
was onnsnallj low. The effeot of this higher humidity in 
the formation of local thunderstorms wan pointed out on 
page 7b5 of the previous report, where it was shown that 
on the basis of the Nenhofl di^am, air of ^tproximately 
20 per cent higher humidity should reach the saturation 
point, expanding adiabatioally, at a level half a mils lower 
than the leas humid air. In this connection it would be 
well to emphasize the fact that the advocates of lakes and 
ponds as a means of increasing rainfall under drought eon* 
ditiona do not contend that the construction of snoh water 
reservoirs will of itself result in thunderstorms. As Dr. 
C. r. Brooks has pointed out,' thunderstorm conditions pro* 
vail with some regnlarity during the driest seasons over the 
Mississippi Valley. li^t showers result from these local 
storms, and as Dr. Brooks said, "Give them more vapdr 
tML la a Uv, Uta f- ^ 
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and they will rain.” The shortage of rainfall in Minne* 
Bota in rooent sninmeri has been cited as proof that the 
large amount of water there exposed has no appreciable 
inflnenoe on rainfall It should be borne in mind that the 
winds coming in from the Dakotas were extremely dry; 
that they had already dried up many of the smaller Dakota 
and Minnesota lakes and that they continue to take a large 
toll every hot day from the lakes which remain. It is too 
much to expect that a few hundred square miles of scattered 
lakes should be able to make up the large dedcit in moisture 
content of the air which prevailed to the westward. 

T.tw Livnu 

Twin Lakes northwest of Amor are equipped with a 
level gauge under the supervision of the U. S. Geological 
Survey, There is a similar gauge at the west end of Bush 
Lake. Since Twin Tmkes have neither inlet nor outlet, the 
gauge readings there are a good index to the extent of 
water losses in this area. These losses totaled 5.16 inches 
from May 22 to July 2, 6.48 inches during July, 1.44 inches 
in August, and 3.6 inches in September. The rainfall noted 
m Table I aooounta for the smaller net loss in Auguei 
West Battle Lake may also be oonsidered an isolated lake 
at the present time, ae it has evaporated far below the level 
of the stream which normally discharges water from its 
west end. It lost about 7 inches during the winter of 
1936-36. A gauge installed near Base Station showed a 
drop of 3.60 inohes from July 23 to August 4 and 2A0 inches 
from August 4 to August 19. The Geological Survey 
gauge at Bush Lake showed a total loss of 10.32 inohes 
during the month of July. The water was then below the 
lower index of the gauge and was not immediately reset 
A gauge on the east shore of Ottertail Lake at Bay View 
resort showed a drop of 6.S8 inches from July 22 to August 
13 and an additional loss of 0.60 from August 13-2A this 
latter laoluding the heavy rain of August 20, The Ottertail 
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Biver nma through Bash Lake and Ottertail Lake and on 
toward the southwest, sapplying power to a hydraulio plant 
at Fergos Falls and famishing water for several towns 
down stream. The large drop in Bosh Lake was doe pri- 
marily to lowering the dam at the outlet of the lake. The 
dam at the outlet of Ottertail rioke was also lowered some- 
what, bat it did not lose as mnoh proportionately. Bash 
Lake, which is sarroondod by marshes, was lowered sev- 
eral inohoH at tlie request of farmers who wanted to obtain 
additional hay on the wet groand bordering the lake. The 
effect of snch a policy from the standpoint of moistnro con- 
servation needs little comment here except to quote from 
page 11 of President Boosevelt’s Great Plains Drought 
Area Committee in Its report of Angnst, 1936, “In a land 
of little rain it is imperative that water shonld never be al- 
lowed needlessly to go to waste.’* 

The cooling effect resulting from the evaporation of 
water is worthy of consideration Mr. C. D. Eecd, Senior 
Meteorologist of the U. S. Weather Bureau at Dos Moines, 
has mode extensive studies of drought conditions in Iowa 
during the summor of 1936 with speoial reference to causes 
leading to failure of the com crop. He contends that Iowa 
had Bufneient rain to produce a satisfactory crop, had the 
temperatures not reached such great extremes. His posi- 
tion in this respect may not be wholly tenable in view of 
tbo oasis near Evansville, Minnesota, above referred to, 
rcsnlting from a few local showers in that immediate area 
where the temperatures must have been essentially the 
same as elsewhere. There is also abundant evidence to 
show that com yields of 30 to 70 bushels per acre were ob- 
tained in 1936 by means of pnmp irrigation in the Platte 
Valley aronnd barney and Lexington, Nebraska, and that 
record yields of watermelons and alfalfa were obtained by 
means of irrigation at Orleans, Nebraska, although sur- 
rounding crops which did not have irrigation were com- 
pletely burned up. 

It is interesting to compute the amount of heat required 
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to evaporate half an inoh of water per day. That this esti- 
mate is not excessivo is shown by the fact that the daily 
average for Lincoln, Nebraska, for July, 1936 was 0549 
inches and for Angnst, 1936, it was 0.417 mohes. Tho max- 
ima were 0.855 inches on July 24 and 0.678 on August 17, 
as reported by the U. S. 'Weather Bureau. 

The solar radiation constant, according to Abbot, is 1.92 
calories per minute on each square centimeter of the earth 
normally exposod. This amonnts to 1.065 B.T.U. per soo- 
ond, or moro than one horse-power, per nqnare yard. In 
a twelve-hour day the total would be 46,000 B T IT , but 
much of this heat is absorbed by the atmosphere and dues 
not really roach the earth’s suiface due to atmospheric 
absorption. Milankowitch in tho Kopper-Qcigor Iland- 
buch der Klimatologie gives a total of 487 gm cal per day 
at latitude 40° for August 8 with the sun at a longitude of 
1.35° and an estimated transnussion coefficient of 0.7. This 
would be the equivalent of 608 gin. caL per day at latitude 
46° where this investigation was carried out. Weather 
Bureau records show a mean of 523 gm. cal. per day at 
Lincoln, Nebraska, and 442 gm. coL per day at Madison, 
Wisconsin, for August, 19,36. There is considerable hazi- 
ness in Minnesota, especially under drought conditions, so 
that a transmission coefficient of 0.7 would not bo far from 
oorrect. 

On the basis of 508 gm. cal. per square centimeter pur 
day, tho average heat received at the surface would equal 
17,000 B.T.U. per square yard. 578.3 calories are required 
to evaporate one gram of water at 90° F.' This is equiv- 
alent to 24,380 B.T.U. to evaporate a one-half inch layer of 
water per square yard, or 43 per cent more than the average 
incident radiation. The radiation corresponding to tho 
maximiim of 0.856 inches evaporation mentioned above was 
630 calories, requiring 41,600 B.T.U. with only 21,000 
B.T.U. available, or a defeienoy of nearly 50 per cent 

I Bmltlamlu p. tSS, 
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This available heat ehoold be rednoed by 6 to 8 per oent 
for refieotion from a vater flnrfaoe when evaporation from 
lakea and ponde ie under oonalderation. It le thne seen 
that a pond losing water at the above rate will not only 
contribute its moisture to the atmosphere but will absorb 
muoh more than the average solar radiation ineident upon 
it in the process. In other words, the heat absorbed in 
evaporation will be equal to about one and one-half times 
that incident on its own surface, while dry earth or stubble 
re-radiates most of the heat which falls upon it. 

A similar computation shows that 21 per cent of the in- 
cident radiation will be required to evaporate 9 inches of 
water during a summer of 5 months. This would be 60 
per cent of an 18 inch annual rainfall. Mr. Adolf F. 
Meyer * has shown that the runoff and moisture evaporated 
from the soil may eaaUy exceed the 9 inches estimated in 
this connectioa Binoe the ground water level remains 
praetioally constant, the disposition of the rainfall at any 
given locality must be divided between runoff, evaporation, 
and transpiration. If half of the moisture that falla is pnt 
back into the air throngh vegetation, the other half is either 
lost by drainage or evaporated locally. In an ideal eitna- 
tlon under send-arid conditions no water would be per- 
mitted to esoape from the region. Therefore, the greater 
the storage, either in the eoil or in basins, the greater the 
cooling effect moet be. 


GDiroi.UBiO]rs 

(1) The irr^^Iar rainfall dietrlbntion in the area stud- 
ied has demonstrated the value of the investigation of pre- 
cdpitation and humidity vaiiatitms in small areas beoanse 
of their bearing on the larger problema of moleture oon- 
eervatlon. The data at band is not snfBcient to be oonolit- 
■Ive, but there ia evidence of a direct relationship betweeil 
the 40 mile chain, of lakea beginning with Lake Llaay and 
>MI. MtUtnkglta S«Mir> * 7 , 4 , kpril, USS, p. US. 
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extending through Lake Lyda, Star Lake, Ottertall Lake, 
the two Battle Lakes, and Lake Christine and the larger 
rainfall recorded to the sontheastward aronnd Evansville 
and Elbow Lake in two sucoesaive seasons. Further stud- 
ies where similar conditions exist mav bring out corre- 
sponding sitnations which have escaped nnnoticed in regu- 
lar Weather Bnreun reports dne to the distance between 
stations. 

(2) It has been shown that higher humidity aud lower 
temperatures, both of whirh are eoudneivo to iucroased 
rainfall from local thunderstorms, obtain on the looward 
side of lakes and ponds. 

(3) The cooling effect of the evaporation from exposed 
water surfaces and its probable relation to crops in the 
vicinity have been pointed out, together with the desirabil- 
ity of increasing the total water exposure over all areas 
where the rainfall is too low for snecessful agricultural pur- 
suits. Tt is also suggested, that with the approach of a wet 
cycle, the outlet levels of all natural water basins should be 
raised in order to conserve and retain the maximum water 
storage in anticipation of future droughts. 
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SOLUTION 
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Frofmor of Tm^purtotlon ob 4 Otminorr*, Unlrmlt; of rmiiu^lniiil* 
(Rra<1 Febniarj 19, I9M) 

On tlw clofliiiR; day of (he reffular spshioii of Tonirrcaa, 
the ‘ilnt of Aufni'<li 1937, Huai artion waa taken npon le)iin- 
lation ffivind the Prcaident doflnite authority to within 
litnita dehiffned hy law, the lolla to he paid fur the nae of the 
Panama Canal, and to prcaeribc the rnlea to bo R))pliod in 
mcaanring veaeela to detomnne the tonnage npon whirh the 
tolla ahall bo levied. Thia aotiou aottloil and diapoacd of a 
qneation that haa been before ConKrrsa for nearly a quarter 
of a century. 

In 1913, two years before the completion and opening 
of the Panama Canal, CongreRa pHHiied an act to govern 
the uae and operation of the Canal, and, bv that Act, Cou- 
grew intended to voht in the President the power to fix, 
within prescribed limita, the charges levied on transiting 
vesRolfl. The law provided that the tolls might be levied 
upon the gross or not registered tonnage of vessels or npon 
some other basis; bnt the statute stipulatod that "If the 
tolls [upon ships of commercel shall not be based upon net 
registered tonnage, they shall not exceed the equivalent of 
$1.25 per net registered ton . . . nor be less than 75 cents 
per net registered ton." 

For commercial vessels, a ton is 100 euhio feet of 
olosed-in space. The tonnage of war ships is their weight 
or displacement in tons of 2240 pounds. The gross tonnage 
of commercial vessels when accurately determined is their 
entire olosed-in spare in onbio feet divided by 100; while 
their net tonnage, when correetly oalcnlated, is their cam- 

nwmMiniB or vn snurAN muesorsiru. socixTy, 
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ing capacity ia units of 100 onbio feet — (heir gross tonnage 
less (he tonnage of the spaoee need for the operation of the 
veesels. When a oommeroial vessel ia registered under the 
national flag, its gross and not tonnages are determined by 
the national vessel measurement rules and its gross and net 
registered tonnages are stated in the veasers certificate of 
government registratioiu 

Acting niton the authority given him by the Panama 
Canal Act of August 24, 1912, President Taft, in November 
of that year, issued a proclamation prescribing a canal toll 
on laden commercial vessels of $1.20 per net ton — each 100 
onbio feet — of earning capacity. For such vessels in bal- 
last the toll was 72 cents per net ton. For war ships the 
toll was made 30 cents per ton (2240 pounds) of weight or 
displacement at the time of passing through the Canal. 
The Secretary of War, under whose authority the Canal is 
oiwrated, was directed to prepare rules for measuring ves- 
sels to determine the totWge upon which the prescribed 
rates of toll were to be levied. The Panama Canal vessel 
measurement rules were promulgated by President Wilson 
by a proclamation issued in November 1913. 

A few months after the Canal was opened — ^which was 
in August 1914 — the power of the President over Canal 
charges was largely nmiifled by an interpretation that the 
Attorney General gave to the tolls section of the Panama 
Canal Aot of 1912. He held that, inasmneh aa the Panama 
Canal vessel measurement rules had not been prescribed 
when the Act of 1912 wae adopted, Congress, in fixing the 
maximam toll at $1.25 per net registered ton, must have 
referred to tonnage determined by the United States rnles 
by which vessels are measured for registration under the 
American flag. The President has no authority over for- 
mulating and interpreting the national vessel measurement 
rales which are based upon etatntefl and are framed and 
applied by the Director of the Bureau of Marina Jnspeo- 
tion and Navigation in the Department of Oommerce. The 
determination of the nMximnm tolls for the Paiuiba Capal 
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tras taken from the Preeident and shifted to the Depart- 
molt of CSommeroe. 

When the Canal hogan operationn in 1914 the tonnage 
reanlting from measuring vesaela by the Xational registra- 
tion mlee was bnt Utile less than the tonnage determined 
by the Panama Canal mlee; bnt, beginning in 1915, the 
National measurement mles, In order to make them corre- 
spond to the British rules, have from time to time boon so 
modified as greatly to reduce the net registered tonnage of 
American vessels. In 19.?6, the aggregate net registered 
tonnage of vessele transiting the Panama Canal was only 
69A per oent of their tonnage by the Canal rales. Thus 
a maximnm toll of $1.25 per net registered ton was ranch 
less than a toll of $1 20 per net ton Panama Cannl rooasute- 
ment. On some types of ships, a largo share of the spaces 
naed for passengers and cargo were, under the National 
measurement rules, not included in the tonnage upon which 
tolls Were levied. 

When early in 1915 the intention of Congress to vest In 
tho President authority over Panama Canal charges and 
fiscal policy was defeated by tho opinion of the Attorney 
General, it was expected that Congress would promptly 
correct the situation by appropriate legislation; bnt those 
who benefited from the successive lowering of Canal 
ohorgos by changes made in the United Btatoe measure- 
ment roles by the Bureau of Marmo Inspection and Navi- 
gation Baooessfnlly opposed action by Congress. Although 
26 bills were introduced between 1915 and 1936, and fonr 
passed the Honse, no action was taken by the Senate, 
finally, in 19S6, Congress authorised the President to ap- 
point a special committee of throe men to invosligate Pan- 
ama Canal tolls and vessel measurement rules and to rooom- 
mend snch changes as the committee fonnd to be needed. 
Hie Committee on Panama Canal Tolls and Vessel Meas- 
urammit Buies devoted seven months to its task, and in 
ENsbmary 1987 recommended legislation giving the Presi- 
dent Side anthoiity to fix tiie Panama tolls within statntory 
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limits, and to proscribe the rulos to iletermino the tonDage 
upon which charges shall he levied. The (Ihairman of the 
Committee was the author of this statement, prosumahly 
because it was he who hod prepared the schedale of tolls 
prescribed in 1912 and the Panama Canal vessel measnre- 
ment rales promolgatcd in 1913. The Cummittoe rerom- 
meudcd that Congress shoultl authoriEe tolls on laden com- 
mercial vessels to bo fixed within a maximnm of $1.00 per 
not ton and a minimum of 75 cents per net ton. These 
recommendations were embodied in the Act passed August 
21 and approved by tho President August 24. 

The Committee recommended several changes in the 
Panama Canal Measurement Rules of 1913, modifleations 
ninde desirable by changes in tho design of vessels and the 
substitution of fuel oil for coal. Tolls of 90 cents per net 
ton for laden commercial vessels and 72 cents per not ton 
for such vessels in ballast wore also recommended. The 
Prosident adopted the Committee’s recommendations as to 
rates of toll and as to changes in the Panama measurement 
rulos. The amended rules and new sehcrlnle of tolls were 
made effective March 1, 1938, six months notice of the 
changes being required by statute. This very satisfactory 
disposition of a long-standing controversy between the 
users of the Canal and the Canal administration is most 
gratifying to the Canal Authorities end to the Committee 
whose recomraendatious have been embodied In legislation 
and executive decrees. 
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